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ABSTOAOf
C hrom atography a s  a p p lie d  to  c h e m is try  i s  a  method 
f o r  th e  s e p a ra t io n  o f  compounds based  on a d s o rp tio n  
a f f i n i t i e s #  m e n  a  m ix tu re  o f  su b s ta n c e s  in  s o lu t io n  
i s  poured  o n to  a  column o f  a d so rb e n t packed in  a  g la s s  
tu b e  and t h i s  i s  fo llo w ed  w ith  a  s o lv e n t  to  m o b  th e  
su b s ta n c e s  th ro u g h  th e  colnm nf in  fa v o ra b le  o a se s  f th e  
su b s ta n c e s  w i l l  s e p a ra te  in to  acmes w hich a r e  a rra n g e d  
down th e  column in  th e  o rd e r  o f  d e c re a s in g  a d s o rp tio n  
a f f i n i t y .
p re v io u s  in v e s t ig a t io n s  in  th e s e  l a b o r a to r ie s  have 
shown t h a t  th e  b eh a v io r o f  a  o h ro m to g ra p h io  m tm  co u ld  
be ap p ro x im a te ly  e x p la in e d  in  te rm s o f  th e  a d so rb e n t * 
so lv e n t and th e  s t r u c t u r e  o f  th e  ad so rb ed  su b s ta n c e  * A 
s tu d y  was u n d e rta k en  to  show in  a  m m  d e t a i l e d  manner how 
th e  b eh a v io r o f  th e  zone v a r ie d  a s  th e  le n g th  o f  th e  
s id e  c h a in  a t ta c h e d  to  th e  same fu n c t io n a l  group was 
in c re a se d #
To s tu d y  t h i s  s id e  c h a in  e f f e c t  th e  members o f  th e  
homologous s e r i e s  o f  norm al p rim ary  a l i p h a t i c  a lc o h o ls  
from  m ethyl th ro u g h  norm al o o to d eo y l were chosen  a s  
a d so rp tiv e © . R a te s  o f  movement o f  zones o f  th e  in d iv id u a l
v l
mm&m® o f  th e  s e r i e s  w ere d e te rm in ed  m  a  u m b e r  o f  
a d so rb e n ts  from  banaene and frcm  p e tro leu m  e th e r  s o lu t io n s  
Jks t h e  n»X ecular w eig h t o f  th e  a d s o rp t iv e  m s  in c re a s e d , 
th e s e  E v a lu e s  showed d e f i n i t e  i r r e g u la r  i t  f a s  w hich w ere 
g r e a t e r  t t o  th e  a ^ p e rim a u ta l e r ro r*  m e s a  i r r e g u l a r  i t  1 m  
wot© a t t r i b u t e d  to  a d s o rp t io n  o f  th e  a id #  c h a in  o f  th e  
m o lecu le  by th e  ad so rb en t*  S t m s  a ls o  shown t h a t ,  to  a  
f i r s t  a p p r e c i a t i o n ,  t h e  a d s o rp t io n  a f f i n i t y  v a r ie d  a s  
th e  r e c ip r o c a l  o f  th e  m o lecu la r w eigh t o f  th e  s id e  ©bain 
o f  th e  adso rp tiv e .#  T h is  r e la t io m  was n o t eamct because 
o f  th e  i r r e g u l a r i t i e s  o f  th e  r a t e s  o f  ssene movement a s  
th e  Esoleoular w e ig h t was in c re a se d #
m  re c e n t  y e a rs  th e r e  bad been much i n t e r e s t  i n  th e  
u s e s  o f  h ig h  fre q u en cy  o s c i l l a t o r  c i r c u i t s  in  chem ical 
a n a ly s is *  When a  chem ica l system  i s  p lace d  in  th e  f i e l d  
o f  a  h ig h  fre q u e n c y  o s c i l l a t o r  th e r e  a r e  bm  e f f e c t s  on 
th e  o s c i l l a t o r  c i r c u i t# ,  The am p litu d e  o f  th e  o s c i l l a t i o n s  
i s  changed due to  a  lo a d in g  e f f e c t  and th e  freq u en cy  o f  
th e  o s c i l l a t i o n s  i s  changed due t o  th e  d i e l e c t r i c  c o n s ta n t  
Of th e  chem ica l system #
In s tru m e n ts  m easu ring  th e  change in  freq u en cy  induced  
in  th e  o s c i l l a t o r  by v a r io u s  chem ica l system s have been 
d e sc rib ed *  Such in s tru m e n ts  have been g iv en  th e  name o f  
o s c i l lo m e te r s • Those o s c i l lo m e te r s  have been a p p lie d  to  
th e  a n a ly s is  o f  b in a ry  l i q u id  system s and th e  indentifi-*- 
c a t lo n  o f  in d iv id u a l  l i q u id s  * They have a ls o  been used
t o  d e te c t  th e  p assag e  o f  a  oh ro m to g rap h i©  zone  th ro u g h
a QOXUSUEH
T h e ir  u se  to  d e te c t  e te o m to g ra p h io  zones i s  o f  g re a t  
im portance to  th e  e h r  ornat og r ap h e r because  'o f  th e  d i f f i ­
c u l t i e s  in v o lv ed  in  th e  d e te c t io n  o f  c o lo r l e s s  zones o r  
o f  zones on dark  c o lo re d  ad so rb en ts*
I t  m s  f e l t  d e s i r a b le  to  have a  co n tin u o u s  re c o rd  o f  
th e  freq u en cy  v a r ia t i o n s  in  th e  b a s ic  o s c i l lo m e te r  c i r c u i t  
w hich would c o n s t i t u t e  a  perm anent re c o rd  o f  th e  chrom ato­
g ra p h ic  a n a ly s is  and re d u c in g  th e  p o s s i b i l i t i e s  o f  o p e ra to r  
e r ro r#  The e l e c t r o n ic  c i r c u i t s  n e c e s sa ry  to  re c o rd  th e s e  
freq u en cy  v a r ia t io n s  have been d esig n ed  and b u i l t*  The 
problem s en co u n te red  in  th e  d e s ig n  and th e  d e ta i l e d  th e o ry  
o f  o p e ra tio n  o f  th e  c i r c u i t s  a r e  d iscu ssed *
The in s tru m e n t has been a p p l ie d  to  s e v e r a l  ty p e s  o f  
ch rom atograph ic  a n a ly s is #  The zones formed by one m i l l i ­
l i t e r  sam ples o f  0*05 m olar s o lu t io n s  have been d e te c te d *
A t y p i c a l  c h a r t  re c o rd  i s  in c lu d ed  to  show th e  manner in  
w hich th e  in s tru m e n t p re se n ts  th e  data*
v l l l
lOOTOOTOTlOH
to  r e c e n t  y e a rs  o h ro m to g rap h y  ■ o r  “colum nar a&sorp-* 
t i o n  a n a ly s i s ” has come to  be re co g n ized  a s  an  im p o rtan t 
means o f  p u r i f ic a t io n *  s e p a ra t io n  o r  a n a ly s is  * A lthough 
th e  te c h n iq u e  i s  now w id e ly  a p p lie d  i t s  .p ra c tic e  i s  s t i l l  
more o f  an a r t  th a n  a  sc ien ce*  to  s o lv e  a g iven  problem  
s u c c e s s f u l ly ,  th e  in v e s t ig a to r  must r e l y  xtpon i n t u i t i o n  
o r  th e  p re v io u s  e x p e rie n c e  o f  h im s e lf  o r  o f  o th e rs*
There a re  no g e n e ra l ly  accep ted  s ta n d a rd s  f o r  th e  s t r e n g th  
o f  a d so rb e n ts  o r  f o r  d e s c r ib in g  th e  b eh av io r o f  a  g iven  
zone*
Because o f  th e  laolc o f  fundam enta l d a ta  w hich Would 
en a b le  one to  p r e d ic t  th e  b eh av io r o f  a  g iven  system  on 
a chrom atograph ic  column I n v e s t ig a to r s  in  th e s e  labora** 
t o r i e s  have been s tu d y in g  th e  v a r ia b le s  w hich a f f e c t  th e  
movement o f  a  ch rom atograph ic  zone* ieB osen  (7 ) ha© pro~ 
posed th e  te rm  R to  d e s c r ib e  th e  s t r e n g th  o f  a d so rp tio n  
o f  a  g iven  zone* He c o n s id e rs  t h a t  i f  th e  zone moves 
th ro u g h  th e  column a t  th e  same ra t©  as th e  deve lop ing  
s o lv e n t  th e r e  i s  no a d so rp tio n  and t h a t  as  th e  r a t e s  a t  
which th e  s o lv e n t  and th e  zone move become more w ide ly  
d i f f e r e n t  th e  a d s o rp tio n  becomes s tro n g e r*  Thus R i s  
t h e  r a t i o  between th e  d is ta n c e  th© zone has moved th ro u g h
1
th© column muti t o  th© d is ta n c e  I M t  th e  s o lv e n t  has  moved 
t e  th e  same tim e# bteing thee© H r n l w i  to  d e s c r ib e  th© 
b e h a v io r  o f  a  zone th e  dependence o f  E upon column 
p o s it io n *  i n i t i a l  volume* i n i t i a l  c o n c e n tra t io n  (8 ) and 
teoap era tn re  (10 ) have been de term ined  experim enta lly* ;
L o o s e n  and b i s  c o l la b o r a to r s  (11) s tu d ie d  t b s  a d -  
s o rp t io n  o f  some s im p le  o rg a n ic  compounds on a  number o f  
a d so rb e n ts  from  two so lv e n ts*  from  th e s e  d a ta  th e y  were 
a b le  t o  ev o lv e  a  r e l a t i o n  between th® chem ical s t r u c tu r e  
o f  th e  ad so rb ed  m a te r i a l ,  t h e  ad so rb e n t and th e  s o lv e n t 
w hich en ab led  them  to  p r e d ic t  th e  approx im ate  r a t e  o f  
movement o f  a  ch rom atograph ic  ssone* In  t h i s  s tu d y  th e  
adso rbed  m olecu le  was c o n s id e re d  to  c o n s i s t  o f  a  fu n c ­
t i o n a l  g roup  o r  g roups w hich were adso rbed  and a  s id e  
c h a in  w hich m s  n o t  adso rbed  bu t d ec rea se d  th© s t r e n g th  
o f  a d s o rp tio n  a s  th e  r e c ip r o c a l  o f  i t s  mass* I t  was 
a p p a ren t t h a t  t h i s  r e c ip r o c a l  r e la t i o n s h ip  was o n ly  v e ry  
approx im ate and a more d e ta i l e d  s tu d y  o f  th e  e f f e c t  o f  
th e  s id e  c h a in  was in  o rder*
I t  was f e l t  t h a t  th e  s id e  c h a in  e f f e c t  co u ld  b e s t 
be s tu d ie d  th ro u g h  th© use  o f  an homologous s e r i e s  a s  
ad so rp tive©  * C laesso n  (3) h as  p u b lish ed  a monograph 
d e a lin g  w ith  th e  chrom atograph ic  a d so rp tio n  o f  homologous 
s e r i e s  b u t u sed  f r o n t a l  a n a ly s is  and d isp lacem en t deve lop­
m ent tech n iq u es*  rhea® d a ta  th e r e f o r e  ar© n o t a p p lic a b le  
t o  d i l u t e  s o lu t io n  chrom ato(sraphy• LeRosen and May (9)
3s tu d ie d  th e  a d s o rp t io n  ©f a  i i i t e  o f  a l i p h a t i c  a ld e h y d e s . 
W hile th© r e s u l t s  o f  t h i s  s tu d y  In d ic a te d  t h a t  th© 
s t r e n g th  o f  a d s o rp t io n  d ec reased  a s  th e  le n g th  o f  s id e  
c h a in  in c re a se d  t h e  number o f  compounds t e s t e d  was $n<* 
s u f f i c i e n t  t o  e s t a b l i s h  d e f i n i t e l y  th e  b eh a v io r f o r  t h i s  
s e r i e s ,  t h e r e f o r e  th e  norm al p rim ary  a l i p h a t i c  a lc o h o ls  
w ere chosen f o r  a  th o ro u g h  study*, C o n cu rren tly  o th e r  
in v e s t ig a to r s  s tu d ie d  t h e  a d s o rp t io n  in  th e  m ethy l k e to n e  
s e r i e s  (16) and  th e  a l i p h a t i c  p rim ary  am ine s e r i e s  (12 }*
th®  norm al p rim ary  a l i p h a t i c  a lc o h o ls  from  m ethy l 
th ro u g h  norm al ooto& eoyl w ere o b ta in e d  e i t h e r  com m ercia lly  
o r  th ro u g h  s y n th e s is  and t h e i r  a d s o rp tio n  s tu d ie d  on a 
number o f  a d so rb e n ts  from  hensene and p e tro leu m  e th e r  
s o lu t io n s  *
At p re se n t  th e r e  i s  a  g re a t  d e a l  o f  i n t e r e s t  i n  th e  
a p p l ic a t io n  o f  h ig h  fre q u en cy  o s c i l l a t o r  c i r c u i t s  to  
chem ical a n a ly s i s ,  When a  chem ica l system  i s  p lace d  in  
th e  f i e l d  o f  a  h ig h  freq u en cy  o s c i l l a t o r  th e r e  a r e  two 
e f f e c t s ,  T here I s  a change in  th e  fre q u en cy  o f  o s c i l l a t i o n  
and th e r e  i s  a  change in  th e  av erag e  c u r r e n t  drawn by th e  
o s c i l l a t o r  tu b e .  B oth o f  th e s e  e f f e c t s  have been ubiXissed 
in  in s tru m e n ts  f o r  chem ical a n a ly s is*
Blake (2 ) and Benson and B arrack  (6 ) have d e sc r ib e d  
h ig h  freq u en cy  o s c i l l a t o r s  u sed  as  t i t r i m e t e r s ,  Th© Xensen 
in s tru m e n t r e q u ir e d  th e  l i q u id  sam ple to  be p laced  in s id e
4th e  © oil o f  th #  oeo i l l u t o r  ta n k  c i r c u i t  and th e  o o w e e  
o f  th e  t i t r a t i o n  m s  fo llo w ed  by th e  v a r i a t i o n  in  th e  
p l a t e  c u r r e n t  o f  th #  o s c i l l a t o r *  A rd i tb i  and HelbeM am 
(1 ) have m o d ified  t h e  *Tensen in e tru m en t t o  nee th e  v a r ­
i a t i o n s  l a  th e  g r id  c u r r e n t  to  fo llo w  th e  t i t r a t i o n *
W est, B u rk h a lte r  and B roussard  (19) have r e p o r te d  an
in s tru m e n t f o r  th e  a n a ly s is  o f  b in a ry  m ix tu re s  and th e
i d e n t i f i c a t i o n  o f  l i q u id s  a s  w e ll  as  f o r  d e te rm in in g  th e
©ad p o in t in  t i t r a t i o n s  * T h is  in s tru m en t in v o lv ed  m eaeur-
la g  th e  fre q u e n c y  change induced  by a  chem ical system
»
in tro d u c e d  in to  th e  ta n k  c o i l  o f  th e  o s c i l l a t o r  * The 
in s tru m e n t c o n s is te d  o f  two m atched h ig h  freq u en cy  o s c i l ­
l a t o r s  whose o u tp u ts  were- mixed to  g iv e  an  aud io  b e a t no te*  
The change in  th© b e a t not© when a  l i q u id  was in tro d u c e d  
in to  th e  c o i l  o f  one o f  th e  o s c i l l a t o r s  was m easured and 
u sed  f o r  a n a l y t i c a l  p u rp o se s . Kane©, B urldaalter and 
Monaghan (14) r e p o r te d  a  m o d if ic a tio n  o f  t h i s  in s tru m e n t 
in  which th e  sam ple was p lace d  in s id e  a ©mall condenser 
c e l l  th u s  re d u c in g  th e  volume o f  sam ple r e q u ir e d  and 
g iv in g  s e n s i t i v i t i e s  o f  t e n  to  f o r t y  time© th a t  o f  th©
© oil ty p e  machine* They a ls o  su g g es ted  th e  name o s c i l l o ­
m eter f o r  t h i s  ty p e  o f  in s tru m e n t •
Monaghan, M oseley, B u rk h a lte r  and Kanee (13) r e p o r te d  
th e  d e te c t io n  o f  © h ro m to g rap h ic  zones by means o f  th e  
o s c i l lo m e te r ,  u s in g  a s  a  t e s t  © e ll a  sm all condenser 
b u i l t  on th e  o u ts id e  o f  th© © h r  oxmto g ra p h ic  ooluxmu A
5change in  th e  h e a t  freq u en cy  in d ic a te d  t t o  p assag e  o f  a  
zone th ro u g h  th e  a d so rb e n t between th e  p l a t e s  o f  th e  
condenser*  I t  l a  w e ll  tp  n o te  t h a t  t h i s  i s  n o t  th e  f i r s t  
r e p o r te d  in s ta n c e  o f  th e  d e te c t io n  o f  ohrom atograph ie 
zones by m m surom ent o f  changes i n  d i e l e c t r i c  c o n s ta n t*  
f r o i t s k i i  (13} r e p o r te d  th e  d e te c t  io n  o f  th e  boundar ie s  
o f  b u l l ^ l i v e r  f r a c t i o n s  by m m &  o f  v a r ia t i o n s  in  df** 
e l e c t r i c  c o n s ta n t*  however h i s  a p p a ra tu s  was n o t  dee^ 
c r ib e d *  fh e  o s c i l lo m e te r  w i l l  be v a ry  u s e f u l  f o r  lo c a t in g  
c o lo r l e s s  zones and f o r  u se  w ith  d a rk  c o lo re d  a d so rb e n ts  •
G laesson  (3 ) h as  d e sc r ib e d  an In s tru m en t f o r  m easure 
la g  th e  r e f r a c t i v e  indes: o f  th e  f i l t r a t e  em erging from  
th e  ch rom atograph ic  column and p l o t t i n g  a co n tin u o u s
re c o rd  o f  t h i s  v a r i a t i o n  a s  fm in d io a t  io n  o f  tHe aM V gnoe
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o f  d i f f e r e n t  zones* i t  was f e l t  d e s i r a b le  to  m odify th e  
o s c i l lo m e te r  d e s c r ib e d  above to  p lo t  a  co n tin u o u s  re c o rd  
o f  th© b eh a v io r o f  th e  system  betw een th e  condenser p l a t e s  
so t h a t  zones m ight be d e te c te d  w h ile  s t i l l  on th© column* 
T h is  h as  h&m  done and th e  d e s ig n , c o n s t ru c t io n  and test** 
in g  o f  th e  re c o rd in g  o s c i l lo m e te r  i s  p resen ted *
The re c o rd in g  o s c i l lo m e te r  h as  many p o s s ib le  a p p li^  
c a t io n s  b e s id e s  th e  d e te c t io n  o f  c h ro m to g ra p h ic  zones; 
one o f  w hich i s  th e  a n a ly s is  o f  flo w in g  l i q u id  s y s t e m ,  
g iv in g  a  perm anent re c o rd  o f  th e  c o n c e n tra t io n  changes 
ta k in g  p lace*
the cm ojuw oBM sW ® adsoepmoh of some aujghois
D e f in i t io n s
a number o f  te rm s u sed  in  t h i s  d is c u s s io n  have 
spec i a l  m eanings a s  a p p lie d  to  c h ro m to g r  aphy . They 
safe d e f in e d  below  s
A d so rp tiv e  ♦ th e  m a te r ia l  w hich i s  adsorbed  on th e  column* 
B ♦ th e  r a t i o  o f  th e  movement o f  an  adso rbed  zone to  th e  
movement o f  th e  so lv e n t#  Thus 1  has v a lu e s  from  ze ro  
to  o n e , ze ro  f o r  zones w hich do n o t move on th e  
column and one f o r  zones which a r e  n o t adso rbed  and 
move a t  th e  same speed  a s  th e  so lv e n t#
A dso rp tio n  a f f i n i t y  -  th e  s t r e n g th  o f  th e  bond form ed 
between a d s o rp t iv e  and a d so rb e n t upon ad so rp tio n *
¥ -  a  m easure o f  th e  a d s o rp tio n  a f f i n i t y  ac co rd in g  to  
th e  tre a tm e n t o f  leB osen  and c o l la b o r a to r s  (XI)#
D iscu ss io n  of* R e s u l ts
E a r l i e r  in v e s t ig a t io n s  i n  th e s e  l a b o r a to r ie s  had 
shown t h a t  th e  b eh av io r o f  a zone co u ld  be r e l a t e d  to  
th e  s t r u c tu r e s  o f  th e  a d s o rp tiv e  and th e  a d so rb e n t (11)# 
For th e s e  s tu d ie s  th e  a& aorp tives were c o n s id e re d  to  be 
composed o f  f u n c t io n a l  groups and a id e  c h a in , th e  form er 
prom oting a d s o rp tio n  and th e  l a t t e r  h in d e r in g  i t #  I t  
was th e n  d e s i r a b le  to  show in  d e t a i l  how th e  s id e  c h a in
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7IttH uenoed  th© a d s o rp tio n  and f o r  t h i s  pu rpose  th© 
homologous s e r i e s  o f  a l i p h a t i c  p rim ary  a lc o h o ls  w ere 
ohoSen f o r  s tu d y , d d & c u rre a tly , o th e r  in v e s t ig a to r s  
s tu d ie d  th e  s id e  c h a in  e f f e c t  i n  th e  m ethyl Icetono (16) 
and th e  p rim ary  amine s e r i e s  (12) *
fh© r e s u l t s  o f  t h e  k e to n e  s tu d y  showed t h a t  t o  a  
f i r s t  approxixaat io n , t h e  e f f e c t  o f  th e  s id e  c h a in  on th e  
a d s o rp tio n  a f f i n i t y  co u ld  he r e p re s e n te d  as  a  n e g a tiv e  
power o f  th e  m o le c u la r  w eigh t o f  th e  s id e  chain*  $ t  was 
n o te d  however t h a t  th e  B v a lu e  f o r  th e  zone  d id  n o t  r i s e  
in  a  smooth cu rv e  w ith  in c re a s in g  m o lecu la r w eigh t hu t 
t h a t  th e r e  w ere d e f i n i t e  i r r e g u l a r i t i e s  in  th e  B v e rsu s  
m o lecu la r w eig h t p lo ts *  On© member o f  th e  s e r i e s  would 
have an B v a lu e  lo w er th a n  t h a t  o f  th e  member below i t  
in  m o lecu la r w eight*  Arguments were p re se n te d  to  show 
t h a t  th e s e  v a r i a t i o n s  were g r e a te r  th a n  th e  ex p e rim e n ta l 
e r r o r  and t h a t  th e y  co u ld  n o t be a s s o c ia te d  w ith  any 
known im p u rity  in  th e  k e to n es  under study*
The r e s u l t s  o f  th e  amine s tu d y  (12) a ls o  show &©f«* 
i n i t e  i r r e g u l a r i t i e s  o r  d ip s  in  th e  p lo t s  o r  B v e rsu s  
m o lecu la r w eight*
rh e  norm al p rim ary  a l i p h a t i c  a lc o h o ls  from  m ethyl 
th ro u g h  norm al o o to d ecy l were o b ta in e d  e i t h e r  com m ercia lly  
o r  th ro u g h  s y n th e s is  and th e  r a t e s  o f  zone movement were 
de term ined  f o r  a number o f  a d so rb e n ts  u s in g  benzene and
Bpetarn lm m  e th e r  (B*P* 6$m6B) m  s o lv e n ts  * Th© s o lu t io n s  
used  w ere G#01 M In  e o n o e n tra tio n *  Th© a d so rb e n ts  u sed  
were s i l i c i c  a c id ,  f l o r t o i l ,  c a lc iu m  h y d ro x id e , ca lc iu m  
c a rb o n a te  and magnesium oxide*
Th© r e s u l t s  o f  th© B v a lu e  m easurem ents show in  a l l  
o a se s  d e f in i t e  i r r e g u l a r i t i e s  in  th e  p lo t s  o f  R v e rsu s  
m o lecu la r w ig h t*
These B v a lu e s  a r e  ta b u la te d  in  T ab les I  and 11 , 
T ab le  1 c o n ta in in g  th e  r e s u l t s  o f  th e  benzene s o lu t io n s  
and T ab le  I I  th o s e  o f  th© p etro leum  s o lu tio n s *  to  T ab le  
H  th© H v a lu e s  a r e  ta b u la te d  f o r  th e  s e r i e s  on ca lc iu m  
h y d ro x id e , ca lc iu m  c a rb o n a te  and magnesium oxide* The 
r e s u l t s  on s i l i c i c  a c id  and f l o r i s i l  a r e  n o t shown a s  
a l l  members o f  th e  s e r i e s  moved w ith  B v a lu e s  o f  l e s s  
t h a t  0*02 and t h i s  was to o  slow  f o r  u s e fu l  measurement * 
f ig u r e  1 shows th e  p lo t  o f  B f v e rsu s  carbon  atoms f o r  
th e  benzene s o lu t io n s ,  th e  s iz e  o f  th e  c i r c l e s  in d ic a te  
to g  th© approx im ate  m agnitude o f  th e  ex p e rim en ta l e r r o r  
ex p e c ted » F ig u re  2 shows th© same plot©  f o r  th e  p e tro ­
leum  e th e r  s o lu t io n s *
An exam ination  o f  F ig u re s  1 and 2 shows t h a t  when 
th© s o lv e n t i s  h e ld  c o n s ta n t  th e  p o s i t io n  o f  th e  maxima 
and minima v a ry  from  ad so rb e n t to  a d so rb e n t, in d ic a t in g  
t h a t  th e  d ip s  a r e  a fu n c tio n  o f  th© ad so rb en t a s  w e ll as 
th© a d so rp tiv e *  A lso , i f  th e  a d so rb e n t i s  h e ld  c o n s ta n t
9and th e  d ev e lo p in g  S o lv en t changed th© p o s i t io n  o f  th e  
maxima and minima changes * in d ic a t in g  t h a t  th e  s o lv e n t  
e a te r s  in to  t h i s  phenomenon*
In  o rd e r  to  compare to e  e f f e c t  o f  to© s id e  c h a in  on 
a d so rb e n ts  g iv in g  w id e ly  d i f f e r e n t  v a lu e s  f o r  th e  abac*’ 
l u t e  H v a lu e s  o f  to e  d i f f e r e n t  a lc o h o ls  to© r a t e  o f  move­
ment o f  to e  n t h  member o f  th e  a e r ie s  r e l a t i v e  to  t h a t  o f  
to e  f i r s t  member o f  to e  s e r i e s  has been c a lc u la te d #  th e s e  
r e l a t i v e  R v a lu e s  (Ho^/Rq^) g iv e  a b a s is  f o r  com paring th e  
changes in  R v a lu e  from  member to  member o f  to© s e r i e s  
r e g a rd le s s  o f  to e  a b s o lu te  m agnitude o f  th e  term # These 
d a ta  f o r  benaene s o lu t io n s  ar© ta b u la te d  in  T able 111 and 
p lo t te d  in  f i g u r e  3# T ab le  X? and F ig u re  4 c o n ta in  to© 
same in fo rm a tio n  f o r  to e  p e tro leum  e th e r  s o lu tio n s #
Ho s in g le  f a c t o r  w i l l  accoun t f o r  th© ex p e rim en ta l 
ev idence  t o t  c e r t a in  g e n e ra l t re n d s  may be d is t in g u is h e d . 
In  a  g iv en  s o lv e n t  th e  m agnitude o f  th e  d ip  from  maximum 
to  to e  fo llo w in g  minimum p o in t i s  ap p ro x im ate ly  c o n s ta n t  
f o r  a l l  o f  th© a d so rb e n ts  u sed  w ith  th e  ex c ep tio n  o f  c e r ­
t a i n  o f  th e  d ip s  on ca lc iu m  hydroxide# T his would i n d i ­
c a te  t h a t  toes©  i r r e g u la r  i t  le a  a r e  n e a r ly  independen t o f  
to e  a b s o lu te  s t r e n g th  o f  th e  a d s o rp tio n  bond# T his 
o b s e rv a tio n  su g g e s ts  t h a t  f i t  p a t te rn s  may b© in v o lv ed  
betw een to e  a d s o rp t iv e  and th e  adso rben t#  Th© r o l e  o f  
th e  m o lecu la r shape o f  th e  a d s o rp tiv e  i s  b rought o u t by 
F ig u re  4 showing th e  v e ry  s im i la r  shapes o f  th e  cu rves
f o r  a l l  th r e e  a d so rb e n ts  w ed *  State im io rb te o e  o f  t t e  
s o lv e n t  i s  t o m  by t t e  la rg o  in c r e a s e  l a  th e  m g n ltu d e  
o f  t t e  dip© i n  f i g u r e  4  o v e r th o s e  o f  F ig u re  .f • I t  t e a  
n o t  te e n  p o s s ib le  t o  to w m l a t e  any g e n e ra l  r a l e s  f o r  t t e  
e f f e c t  o f  t t e  s id e  c h a in  m  alone movement Out o la r i f iU  
c a t io n  m ight t e  o b ta in e d  when d a ta  on more s e r i e s  i s  
a v a i la b le *  I t  i s  su sp e c te d  t e a t  t e e  d ip s  a r e  cau sed  
W  secondary  a d s o rp t io n  o f  t e e  s id e  c h a in  and t t e t  t t e  
fo rc e s  in v o lv ed  in  th e s e  te n d s  a r e  e i t h e r  van d e r  W aals 
f o r c e s  betw een t te -  ca rb o n  o r  hydrogen atom s o f  t t e  s id e  
c h a in  and a c t iv e  c e n te r s  o f  th e  a d so rb e n t o r  perhaps t o  
a  v e ry  weak hydrogen te n d  between t e e  £ME hydrogens t e d  
t e e  ad so rb en t*
m e  o r i g i n a l  pu rpose o f  t h i s  s tu d y  m s  to  determ ine,, 
i f  p o ss ib le *  t e e  r e l a t i o n  between t t e  a d s o rp tio n  a f f i n i t y  
{1~R/R) t e d  th e  le n g th  o f  t h e  s id e  c h a in  o f  th e  adso rp tive* . 
Because o f  t t e  d ip s  in  t e e  B v a lu e  p lo t s  i t  i s  a p p a ren t 
t e a t  t e e  r e l a t i o n s h i p  i s  n o t  a  sim p le  one*, f t e s e  v a lu e s  
a r e  ta b u la te d  i n  f a b le s  V and VI* f ig u r e  § stow s t t e  
p lo t  o f  l~B/fe v e r s u s  {1 /c a rb o n  a to m s) f o r  t t e  a lc o h o ls  
from  bm z& ae s o lu t io n s *  Mo e x a c t i n t e r p r e t a t i o n  Can be 
made b u t c e r t a i n  g e n e ra l  c o n c lu s io n s  may be d ra m *  She 
p o in ts  f o r  any a d so rb e n t te n d  to  f a l l  on a  s t r a i g h t  l in o *  
in d ic a t in g  t h a t  t te r®  i s  a  r e c ip r o c a l  r e la t i o n s h ip  between 
t t e  a d s o rp t io n  a f f i n i t y  and t t e  le n g th  o f  t t e  s id e  c h a in  
b u t t h a t  t h i s  r e l a t i o n  must be m od ified  by s e v e ra l  f a c to r s
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t o  acco u n t f o r  th e  p o in ts  which w e  b ad ly  o f f#  A lso th© 
e f f e c t  o f  le n g th e n in g  th e  ©id© c h a in  on th e  a d s o rp t io n  
a f f i n i t y  becomes l e s s  marked a s  th e  m agnitude o f  th© ad­
s o rp t io n  a f f i n i t y  betw een any member o f  th e  eerie©  and 
a  g iv en  a d so rb e n t becomes sm a lle r#  t h i s  co u ld  be o f  
v a lu e  in  s p e c i f ic  a p p l ic a t io n s ,  in d ic a t in g  th a t  a d so rb e n ts  
such  a s  s i l i c i c  a c id  o r  f l o r i s i l  co u ld  be used  to  s e p a ra te  
in d iv id u a l  members o f  th e  s e r i e s  w h ile  ca lc iu m  c a rb o n a te  
magnesium o x id e  and ca lc iu m  hy d ro x id e  co u ld  be u sed  to  
s e p a ra te  th e  w hole s e r i e s  from  o th e r  c la s s e s  o f  compounds#
s r p e r i M n ta l
The a d so rb e n ts  u sed  in  t h i s  s tu d y  were a i l i c i c  Acid* 
#£2 14322* Merck Heavy powder.*. E eagen t G rade; F l o r i s i l *  
200-300 m esh | C alcium  C arb o n a te , Merck Heavy Powder*
magnesium Oxide* Baker # 8153$; C alcium  H ydroxide, 
Baker & Adamson, C*P* L ot # 23#
The s o lv e n ts  u sed  w ere t  b io  phene f r e e  bm&en© (Merck) 
and p u r i f i e d  p e tro leu m  e th e r  B# The p e tro leu m  e th e r  m s  
p u r i f ie d  by s e v e ra l  w ashes w ith  fum ing s u l f u r i c  a c id  
fo llo w ed  by a  d i l u t e  c a u s t ic  wash and s e v e ra l  w a te r washes# 
I t  was th e n  d i s t i l l e d  from  o ver sodium and th e  f r a c t i o n  
b o i l in g  between 65 and 68 deg rees  c e n tig ra d e  c o l le c te d  
f o r  use* T h is treatm ent- gave a p roduc t which d id  n o t de­
c o lo r i s e  th e  a lk a l in e  perm anganate s o lu t io n  used  a s  a  
s t r e a k  r e a g e n t .
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W m  a lc o h o ls  u sed  to  t h i s  s t u d y  war© o b ta in e d  c o m e r -  
e t o l l y  w herever pom ihXm * T hom  t h a t  wmm m%  oo lm aerica lly  
a v a i l a b le  wear® p re p a red  to  M a l i  q u a n t i t i e s  toy la b o ra to r y  
sy n th e s is *  f a b le  V II  ftu m u rlftw  th e  so u rce  o f  th© a lc o h o ls  
need*
to  th o s e  o a se s  w here I t  m s  n e c e s sa ry  th© a lc o h o ls  
w ere p re p a red  toy a  m o d if ic a tio n  o f  th e  method o f  t o i g l e r  
(2 0 ,2 1 ) , t h e  r e a c t io n  o f  a  g r ig h a rd  re a g e n t w ith  mono* 
m o lecu la r foymldehy&©* T h is r e a c t io n  p ro d u c t y ie ld s*  
upon h y d ro ly s is ,  a  p rim ary  a lc o h o l o o n ta to to g  one more 
cartoon atom th a n  th© h a l id e  used  t o  make th e  g r ig a a rd  
re a g e n t*  Th© g r ig n a rd  re a g e n ts  w ere p rep a red  to  th e  
u su a l manner and th e  form aldehyde o b ta in e d  from  th e  a c id  
c a ta ly s e d  d ep o ly m e riz a tio n  o f  paraform aldehyde* Th® 
fo llo w in g  p ro ced u re  was found to  g iv e  s a t i s f a c t o r y  
r e s u l t s *  Magnesium sh av in g s  were p laced  to  a  three#* 
necked round bottom ed f l a s k  equipped w ith  a  s e a le d  
s t i r r e r ,  s e p a ra to ry  fu n n e l ,  and an ic e -m b e p  r e f l u x  con#- 
d en se r and covered  w ith  anhydrous e th e r  * t o  e th e r e a l  
s o lu t io n  o f  th e  a lk y l  h a l id e  was added th ro u g h  th© sep ­
a r a to r y  fu n n e l t o  g iv e  th e  g r ig a a rd  re ag en t*  When t h i s  
r e a c t io n  was com plete* th e  s e p a ra to ry  fu n n e l was removed 
and a  d e l iv e ry  tu b e  (o f  1 cm* g la s s  tu b in g )  i n s t a l l e d  
Which ex tended  a s  f a r  below  th e  s u r fa c e  o f  th e  l i q u id  a s  
p o s s ib le *  The o th e r  end o f  th e  d e l iv e ry  tu b e  was con­
n e c te d  to  a  la r g e  t e s t  tub© c o n ta in in g  th r e e  t o  fo u r
tim e s  th e  t h i ^ e t i c i ^ X y  amount o f  po rftfam *
ald eh y d e  * T h is  % m t tub© m #  a ls o  ©©mooted to  a  s trea m  
o f  n i t r o g e n  g as  w hich had p assed  th ro u g h  a  s u l f u r i c  a c id  
b u b b le r * Th© s u l f u r i c  a© it wash d r ie d  th e  n i t ro g e n  and 
a ls o  fu rn is h e d  aolcl fumes to  c a ta ly s e  th© depolym eri& atiQB 
o f  th e  p a r  aiCrmaldehy& e* f t e  QornpXet© system  m is f lu s h e d  
w ith  a  slow  s tre a m  o f  n i t ro g e n  and th© paraform altO -hyt# 
h e a te d  to  170-19® d eg ree s  c e n tig ra d e  in  m  t i l  hath*
When a l l  o f  th© parafonm l& ehyde had te e n  c a r r i e d  o v e r 
in to  th e  r e a c t io n  v e s s e l  th e  r e a c t io n  was assumed to  he 
com plete and th© p ro d u c t h y d ro ly sed  w ith  t e n  p e rc e n t 
h y d ro c h lo r ic  a c id ,  Th© a lc o h o l was a t t a in e d  from  th e  
e th e r  l a y e r  by d i s t i l l a t i o n  o r r e c r y s t a l l i s a t i o n .  A ll  
o f  th e  f i n a l  p ro d u c ts  w ere checked to  make su re  t h a t  th e y  
were ch ro x n a to g rap h lca lly  p u re .
The s o lu t io n s  used  were 0*01 m olar in  c o n c e n tra t io n  
and were mad© up by p ip e t t in g  o r  by w e ig h t,
The ch rom atog raph ic  tu b e s  used  i n  t h i s  s tu d y  w ere 
9 ac 90 mm (#1) tu b e s  mad© by th e  S c i e n t i f i c  a l a s s  
A pparatus Company, B loom fie ld  ,Hew Je rsey *
The b  v a lu e s  w ere de term ined  ac co rd in g  to  s ta n d a rd  
te c h n iq u e s . Th© column was packed under th e  f u l l  s u c t io n  
o f  vjat&r a s p i r a t o r ,  a  s ix - t e n th s  m l, sample o f  th© t e s t  
s o lu t io n  added and developed  w ith  pur© s o lv e n t .  The 
column was th e n  ex tru d ed  and th e  a lc o h o l son© d e te c te d
W  s tre a k in g  th e  eolntm  w ith  a lk a lin e  perm anganate. 
from  th e se  S eta  th e  B valu es were o a lo u la te d . A ll H 
v a lu es  were determ ined in  d u p lic a te  o r t r i p l i c a t e .
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m  0*01
®1 Q ,U  0 .0 8 0 .2 3  0 .0 8 0 .7 3 0 ,5 4 0 .6 0 0 .2 7 0 ,0 6 0 ,0 1
0 2 0 .1 4  0*09 0 ,4 7  0 .2 9 0 .7 8 0 ,5 1 0 .65 0 .3 8 0 ,0 9 0 .0 4
0 3 0 .2 0  0 .09 0 ,5 7  0 .3 1 0 .85 0 .6 3 0 .72 0 .43 0 .11 0 ,05
04 0 .2 4  0 .1 1 0 .6 0  0 .37 0 .32 0 .6 2 0 .7 1 0 .4 0 0.13 0 .0 8
0 5 0 .2 4  0 ,1 4 0 .5 8  0 .3 9 0 .7 7 0 .6 1 0 ,7 0 0 .5 4 0 .13 0 .0 6
06 0 .2 4  0 .1 5 0 .7 8  0 .5 0 0 .75 0 .7 5 0 ,73 0 .59 '1 ,17 0 ,1 0
t?7 0 .2 3  0 .1 2 0 .6 7  0 .3 9 0 .9 0 0 .6 1 0 ,7 8 0 ,6 1 0 ,1 8 0 ,09
0g 0 .2 3  0 ,1 4 0 .6 3  0 ,30 0 ,8 9 0 .6 5 0 .69 0 .5 7 0 ,17 0 .08
o 9 0 .2 6  0 .17 0 .5 7  0 ,4 0 0 .3 9 0 .6 4 0 .73 0 .5 1 0 .1 9 0 .13
G10 0 .2 6  0 .1 7 0 .6 5  0 .3 6 1 ,0 0 0 .6 7 0 ,8 0 0 .4 6 0 .2 0 0 ,15
O il 0 .2 7  0 .1 7 0 .6 5  0 .3 7 1 .0 0 0 ,6 8 0 .75 0 .5 0 0 .22 0 .15
012 0 .2 8  0 .1 6 0 .6 4  0 .38 l.QO 0 .7 3 0 .7 3 0 ,5 2 0 .21 0 .12
®13 0 .3 0  0 .1 9 0 .6 4 .0 .4 0 1 .0 0 0 .75 0 .7 6 0 .5 4 0 ,22 0 .15
014 0 .3 2  0 .2 1 0 .6 1  0 .3 9 1 .0 0 0 ,7 4 0 ,7 7 0 ,6 1 0 ,2 4 0 ,1 6
°15 0 .3 0  0 .22 0 .6 1  0 .43 1 .0 0 0 .7 4 0 .7 4 0 .68 0 ,2 5 0 .19
016 0 .3 1  0 .1 8 0 ,6 1  0 .4 4 1 .0 0 0 .75 0 .7 7 0 .6 0 0 .2 7 0 ,2 8
®17 0 .3 1  0 ,2 1 0 .6 4  0 ,42 1 .0 0 0 .76 0 .77 O.6 4 0 ,2 9 0 ,2 0
Gl3 0 .3 0  0 .15 0 .6 9  0 ,39 1 .0 0 0 .76 0 ,32 0 ,51 0 .30 0 .21
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’yapp; i i
a values os’ o.oi a. solutions. os' 
sons a w q w w  mm. m m o m m  »mm
ALCOHOL cM oh}2 Oa0O3 ago
..... . Sip . IBS*... V1"1
H 0,01 0,01 0.24 0*02 0.04 0.04
G2 0,04 0,01 0.34 0.03 0.11 0.05
03 0.20 0.20 0.57 0 .34 0.22 0,16
H 0.22 0.13 0.57 0,36 0.28 0,20
05 0.25 0 ,11 0 , 7a 0 .60 0,37 0,17
H 0,26 0.15 0.68 0.45 0,33 O .I8
Q7 0.30 0,13 0.70 0.3S 0.37 0,20
08 0.27 0,14 0,69 0.40 0.35 0.15
°9 0.23 0 ,14 0,57 0.32 0.23 0.15
c10 0.30 0 .16 0.69 0*41 0.30 0.15
®U 0.28 0.16 0.70 0,40 0.33 0.17
O12 0.27 0.15 0.71 0.40 0.34 0.18
013 0.27 0 .14 0.74 0.44 0*34 0.16
°14 0,30 0.16 0.66 0,33 0.32 0,18
°15 0.20 0.11 0.61 0,38 O.27 0.15
®l6 0.21 0.11 0 .64 0.38 0.31 0.17
0X7 0.20 0*13 0.57 0.34 0.27 0.12
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Oar bon Atoms Ca(OE)a 0&SO3 M@6 S 'lo r is l l  S i l ic ic  Acid
01 1*0 1 ,0 1*0 1 , 0 1 ,0
02 1*68 1 .0 7 1 ,0 8 1 .2 7 1 .3 0
c 3 2*04 1 ,1 6 1 .2 0 1 .7 7 1 .8 3
°4 2*14 1 .1 2 1 .1 8 2 .2 0 2 ,1 6
°S 2 .0 9 1 .0 7 1 .1 7 8 .1 8 2 .1 6
H 2 ,7  8 1 .0 3 1 .2 2 2*20 2 .8 6
O7 2 ,4 4 1 .23 1 .3 0 2 ,0 4 3 .0 0
H 2 ,2 3 1 .2 2 1 .1 5 2 .1 2 2 .3 6
09 2 .0 5 1 .2 2 1 .2 2 2 .3 2 3 .1 8
°10 2 ,3 2 1 .3 7 1 .3 3 2 ,4 0 3 .3 4
011 2 .3 2 1 .3 7 1 .2 3 8 .43 3 .6 8
012 2 ,2 3 1 ,3 7 1 ,2 2 2 .3 4 3 .5 0
°13 2 .3 0 1*37 1 ,2 7 2 ,7 4 3 .82
°14 2 .2 0 1 .3 7 1 .2 8 2 ,3 6 4 .0 0
°15 2 .2 0 1 .3 7 1 .2 3 2 ,7 9 4 .17
016 2 .2 0 1 .3 7 1 .2 8 2 .32 4 ,5 0
°17 2 ,2 3 1*37 1 .2 8 2 .79 4 .8 3




 *  YALimS OF 0*01 M, SOLOTIOHB OF SOMEAwomm mom mmoimm mam
0a{0H)2 Ca003 ifeO
°1 1 1 1
e 2 4 1*4 2 .8
o 3 20 2 *4 5 .3
° 4 22 2 .4 7 .0
G§ 23 3 .0 9 .3
°6 26 2 .8 8 ,3
°7 30 2 .9 9 .1
27 2 .9 8 .8
e 9 23 2 .4 7 .0
0 1 0 30 2 .9 7 .5
O u 28 2 .9 8 .3
°12 27 3 .0 8 .5
°13 27 3 .1 8 .5
°14 30 2 .8 8 .0
°15 20 2 .5 6 .8
O16 21 2 .7 7 .8
°17 20 2 .4 6 .8
°18 23 2 .8 8 .5
R E L A T I V E  JZ V A L U E S  v s . C A R B O N  A T O M S
 B E  NX. ENE S O L U T I O N S
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1*8/8 VA18ES 08 SOME ALCOHOLS
shom bew zm i solutions
Atioias F lo r i s i l  Ga(QH)2 GaOOj MgQ S i l ic ic  Ac Id
el 8 .1 2 ,57 0 .3 7 0 ,67 1 5 ,7
oa 6 .2 1 ,1 0 ,2 8 0 .5 4 1 0 .1
o 3 4 .0 0 .7 6 0 .1 8 0 .39 8 ,1
®4 3 .2 0 .6 7 0 .22 0 .41 6 .7
°5 3 .2 0 .73 0 ,2 9 0 ,43 6 .7
<*6 3 .2 0 .2 8 0 .33 0 ,3 7 4 .9
Qy 3 .4 0 .4 8 0 ,1 1 0 .2 3 4 .6
°S 3 .3 0 .59 0 .12 0 .45 4 .9
©9 2 .9 0 .7 6 0 .1 2 0 .37 4*3
Oio 2 .8 0 .5 4 m 0 .2 § 4 .0
O il 2 .7 0 .5 4 0.33 3 .5
012 2 .6 0 .5 6 0 .37 3 .8
013 2 .3 0 .5 6 m 0 .32 3 .5 4
®14 2 .2 0 .6 4 0 .2 9 3 .2
°15 2 .3 0 .6 4 0.35 3 .0
0 i6 2 ,2 0 .6 4 4m 0 ,29 2 ,7
°17 2 ,3 0 ,5 6 0 ,2 9 2 .5
e 18 2 .3 0 .45 0 .22 2 .3
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XABUS V I
Carbon Atoms 0a(OH)2 Oa0O3 $%0
Ox 9 9 .0 3 .2 24*0
c 2 2 4 .0 2 ,0 8 .1
°3 4 .0 0 ,7 6 3 .6
®4 3 .6 0 ,7 6 2 ,6
g5 3 .0 0 ,39 1 .7
06 2 .8 0 .47 2 ,0
Gy 2 .3 0 .43 1 .7
03 2 ,7 0 ,45 1 ,9
°9 3 .3 0 .7 6 2 .6
OlO 2 .3 0 ,45 2 ,3
O il 2 .6 0 .43 2 .0
®12 2 ,8 0 .41 2*0
013 2 .7 0 ,35 2 .0
014 2 .3 0 .52 2 .2
°15 4 .0 0 ,6 4 2 .7
0 l6 3 .8 0 .5 6 2 .2
e 17 4 .0 0 .75 2 .7
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TABLE V II
SOUHOE Off AL0OBQLS USED IN THIS STUDY
Alcohol Source
Methyl K*K* White la b e l
B thyl In d u s tr ia l  Chemicals Absolute
Propyl S*K« White Label
n-B utyl &*K* White la b e l
n~Amyl &#X* White Label
n~He:xyl P ra c tic a l  (Bedt& bllled)
n-H eptyl E.K* White Label
n-O ctyl 1#K* m i t e  Label
n-Nonyl S yn thetic  (B*P* 2G&*209 deg# c e n t* )
n-Beoyl B#&# White Label
n~T3hdeoyl E.K* White Label
n -to d eey l B*E* White Label
n -T ridecy l S yn thetic  (B«P# 153**153 deg* cent* 
a t  15 to# )
a-T etradecy l Halogen Chemicals
a-Pentadecyl S yn thetic  (M#P* 41-42 deg* cen t#)
n-Hexadecyl B#K* Whit© Label
n-Heptadecyl sy n th e tic  (M#P# 52«*34)
n-Ootodecyl B*K* White Label
c t s  b b s i g n  m o  Q o m m so ^ o n  o f  a  wm om m m  
0HMGAX o a o m o M iW l
Ih e  a b i l i t y  o f  chem ioal o s c i l lo m e te r s  to. m easure 
c h&agm  in  cheia ioal ay a t m s  w ith o u t any a c tu a l  p h y s ic a l  
c o n ta c t  w ith  th e  s y s tmm  shou ld  le a d  to  . t h e i r  a d o p tio n  
f a r  wm& a n a ly t i c a l  a p p l ic a t io n s  * f h o i r  a p p l ic a t io n  to  
th e  d e te c t io n  o f  sones i n  a flo w in g  - oh^otmto g ra p h ic  
system  in d ic a te s  th e  d e s i r a b i l i t y  o f  h a r in g  • a  m a n s  o f  
c o n tin u o u s ly  re c o rd in g  th e  o u tp u t o f  th e  o s c i l lo m e te r  in  
a  permanent form# Such a / r e c o rd  i s  d e s i r a b le  t e t h  from  
th e  s ta n d p o in t  of. e a se  o f  o p e ra tio n  end t h a t  o f  fo llow *  
img th e  in c re m e n ta l b eh av io r o f  th e  system  under study#
a  chem ica l o s c i l lo m e te r  c o n s is t s  o f  two m atched 
h ig h  fre q u en cy  o s c i l l a t o r s ,  o p e ra t in g  a t  o r  n e a r  th e  ,same 
fre q u e n c y , whose o u tp u ts  a r e  m i»&  In  such  a  maimer a s  t o  
p roduce a  h e a t fre q u e n c y  eq u a l t o  th e  d i f f e r e n c e  betw een 
th e  bm  o s c i l l a t o r s *  When a  ch ang ing  chem ica l sy stem  o r  
d i f f e r e n t  chem ica l system s a r e  p lace d  in  t h e  f i e l d  o f  one 
o f  th e  o s c i l l a t o r s  th e  freq u en cy  o f  o s c i l l a t i o n  o f  t h a t  
o s c i l l a t o r  I s  changed by a c e r t a i n  amount and t h i s  same 
amount o f  d i f f e r e n c e  w i l l  b© n o ted  In  th e  b e a t frequency* 
Because o f  th e  a c c u ra c y  o f  m easurem ent, th e  v a r ia t io n s  
in  b ea t fre q u en cy  a r e  used  f o r  a n a ly t i c a l  purposes*
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$ho ic e  o f  D esign  S p e c i f ic a t io n s
A system  t h a t  w ill, s a t i© fa c to r  i l y  re c o rd  th e  infer*- 
mat io n  g iv en  by th e  o s c i l lo m e te r  must re c o rd  th e  a c tu a l  
f re q u e n c y  v a r ia t i o n s  o f  th e  h ig h  freq u en cy  o s c i l l a t o r  in  
whose f i e l d  th e  chem ica l system  i s  p laced  o r  i t  m ust re c o rd  
t h e  v a r ia t i o n s  in  th e  h ea t freq u en cy  w hich a r e  th e  same a s  
th o s e  o f  th e  w ording o s c i l l a to r *
A f te r  much c o n s id e ra t io n  th e  n e c e ssa ry  re q u irem en ts  
f o r  a  s a t i s f a c t o r y  re c o rd in g  system  were s e t  fo rth* . I t  
was d ec id ed  t h a t  i t  shou ld  he a n u l l  ty p e  o f  e le c t r o n ic  
se rv o  system  g iv in g  an in k  re c o rd  o f  th e  freq u en cy  change 
v e rsu s  tim e* I t  sh o u ld  he a  hi© to  record#  w ith  one 
a d ju s tm e n t, changes in  freq u en ch  o f  p lu s  o r  minus te n  
k i lo c y c le s  and I t  shou ld  re c o rd  freq u en cy  changes w ith  
a  s e n s i t i v i t y  o f  f i v e  c y c le s  p e r second*
f t  was e v id e n t t h a t  th e  d i f f i c u l t i e s  in v o lv ed  in  
m easuring  changes o f  f iv e  c y c le s  in  f i v e  m il l io n  m d a  i t  
im p ra c t ic a l  to  re c o rd  th e  a c tu a l  freq u en cy  o f  th e  work-* 
in g  o s c i l l a t o r ,  t h e r e f o r e ,  a s  in  th e  manual ty p e  o f  
in s tru m e n ts  d e s c r ib e d  in  th e  l i t e r a t u r e  (13 ,14*1$) t t h e  
b e a t  freq u en cy  betw een th e  w orking o s c i l l a t o r  and a  ref** 
erenc© o s c i l l a t o r ,  whose freq u en cy  was unchanged, wai 
th e  lo g ic a l  q u a n t i ty  to  b© reco rded*  th e  change In ' t h i s  
b e a t freq u en cy  was e x a c t ly  eq u a l to  th e  change in  th e  
freq u en cy  o f  th e  w orking o s c i l l a to r *
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d i f f e r e n t  ty p e s  o f  re c o rd in g  system s w ere con~ 
s id o red #  One app roach  was to  re c o rd  th e  a c tu a l  v a r ia t io n s  
o f  th e  d i f f e r e n c e  frequency* $fcls co u ld  he den© by u s in g  
any  one o f  s e v e ra l  c i r c u i t s  to  c o n c e r t  th e  h ea t fre q u en cy  
in to  a  d~c c u r r e n t  p ro p o r t io n a l  to  th e  freq u en cy  v a lh e  
and re c o rd  th e  v a r ia t io n s  i n  t h i s  c u r r e n t  on a  re c o rd in g  
milXiammeber o f  th e  S s t e r l i n e  Angus type#, f h i s  system  
was d is c a rd e d  because c o n s ta n t  s e n s i t i v i t y  o f  § c y c le s  
co u ld  n o t he o b ta in e d  o ver a  10  ho# range# fh e  o th e r  
approach  in v o lv ed  th e  d e s ig n  o f  a  n u l l  ty p e  servo  lo o p  
i n  which th e  au d io  d if f e r e n c e  freq u en cy  was compared t o  
some f ix e d  aud io  frequency* A change in  th e  d i f f e r e n c e  
freq u en cy  would produce an e r r o r  s ig n a l  whose am p litu d e  
was dependent on b o th  th e  amount and d i r e c t io n  o f  th e  
change; th e  e r r o r  s ig n a l  would cau se  th e  se rv o  lo o p  to  r e a c t  
in  such  a  manner a s  to  c a n c e l th e  e r r o r  s ig n a l  and r e tu r n  
th e  d i f f e r e n c e  fre q u en cy  to  it®  o r i g in a l  v a lu e ,  fh e  amount 
o f  change n e c e s s a ry  to  r e tu r n  th e  system  to  i t s  q u ie s c e n t 
s t a t e  co u ld  be m easured a s  a  &**e v o l ta g e  and t h i s  a p p lie d  
to  a  re c o rd in g  p o te n tio m e te r ;  t h i s  v o l ta g e  co u ld  be .oaJU 
i  h r abed in  term s o f  fre q u en cy  change# Because, t h i s  ty p e  
o f  system  r e q u ir e d  o n ly  t h a t  t h e  d e te c t io n  d ev ice  d e te c t  
th e  p re sen ce  o r  absence  o f  an e r r o r  s ig n a l  a  c o n s ta n t  sen** 
s i t i v i t y  o f  re sp o n se  over a  la r g e  range o f  d i f f e r e n c e  
f re q u e n c ie s  co u ld  be o b ta in e d  and t h i s  was th e  system
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chosen*
Asa in k  re c o rd  6 n a t o t  lu g  c h a r t  was ohosen as th e  
means to  p re s e n t  th e  d a ta  because o f  th e  a v a i l a b i l i t y  o f  
re c o rd in g  p o te n tio m e te rs  em ploying such p re se n ta tio n *
fh© frequency* ran g e  to  be re c o rd e d  was chosen  a s  
p lu s  o r  s t o w  1 © ice* because t h a t  was th e  u s e fu l  ran g e  
o f  th e  o r i g in a l  c o i l  ty p e  o s c i l lo m e te r  d e sc r ib e d  by 
West* B u rk h a lte r*  and B roussard  (1 9 )♦
fh© s e n s i t i v i t y  o f  th e  d e te c t in g  ■■circuits m s  ehoaen 
a s  5 c y c le s  because t h e  b e s t reproduo  i b i l i t y  o f  re a d in g s  
i n  any o f  th e  o s c i l lo m e te r s  r e p o r te d  (13,14*19) m s  10 
cy c le s*  i t  m s  f e l t  t h a t  th e  system  must re c o rd  th e  in*  
s t a b i l i t y  o f  th e  p rim ary  o s c i l l a t o r s  In  o rd e r  n o t t o  m iss 
any s i g n i f i c a n t  changes and to  a llo w  f o r  Improvement In  
th e  s t a b i l i t y  o f  th e  b a s ic  o s c i l l a to r s *
Design problems
Any se rv o  mechanism th a t  would d e te c t  a  change i n  
freq u en cy  o f  th e  w orking o s c i l l a t o r  and r e tu r n  i t  to  i t s  
o r ig in a l  v a lu e  had t o  in c lu d e  a  m otor w hich would change 
e i t h e r  th e  c a p a c ita n c e  o r  th e  in d u c tan ce  o f  th e  ta n k  
c i r c u i t  o f  th© w orking o s c i l l a to r *  fh e  problem  t h a t  
im m ediately  a ro se  was w hether th e  se rv o  lo o p  shou ld  in*  
e lu d e  an a*e o r  a  d~o motor* Xt m s  n e c e s sa ry  f o r  th© 
m otor to  tu r n  in  b o th  d i r e c t io n s  to  c a n c e l o u t e i t h e r  
p o s i t iv e  o r  n e g a tiv e  changes in  th e  freq u en cy  o f  th e
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m ^ldA ^.oacU X ^tQ V # d i t t t o u l b i e s  toherenb  to  b u i ld -  
to g  d i r e c t  coup led  am plifier®  f o r  th e  a m p l i f ic a t io n  o s  
d~o v o lta g e s  a s  compared to  th e  s im p lic  i t y  o f  r e s i s t a n c e -  
c a p a c ita n c e  co u p led  a m p l i f ie r s  f o r  a -o  v o lta g e s  made th e  
eh© to© o f  an a -e  m otor th e  l o g i c a l  ©no* A su r re y  o f  a v a i l*  
a d ©  m otors showed t h a t  most were d es ig n ed  to  operate- 
from  60  c y c le  s ig n a ls *
The p ro b la m a s  i t  p re se n te d  i t s e l f  a t  t h i s  p o to t  was 
to  ta k e  th e  aud io  h e a t  freq u en cy  from  th© b a s ic  ©0 0 i l l© -  
m ete r o i r c u i t  and co n v e rt i t  to t©  a  60  c y c le  s ig n a l  w hich 
v a r ie d  t o  phase by 160 d eg rees  ,  depending on whether" th© 
t e a t  freq u en cy  in c re a se d  o r decreased*  fh to  60 c y c le  
s ig n a l  m is t th e n  be a p p lie d  to  th e  m otor which shou ld  
tu r n  to  th© a p p ro p r ia te  d i r e c t io n  to  r e tu r n  th e  t e a t  n o te  
to  I t s  o r ig in a l  v a lu e  and s to p  when t h a t  p o in t  was 
reached*  At th© same tim e  th e  system  must su p p ly  a  vary*  
to g  d-e v o lta g e  to  a re c o rd in g  p o ten tio m e te r^  p ro p o r t io n a l  
t o  th e  amount by w hich th e  freq u en cy  o f  th e  p rim ary  o s c i l ­
l a t o r  was changed.
An obv ious ch o ice  f o r  th e  q u ie sc e n t v a lu e  o f  t h e  
h e a t freq u en cy  was zero,: where th e  w orking and r e fe re n c e  
o s c i l l a t o r s  were a t  th e  same frequency* llm m inatio ii, o f  
th e  re q u ire m e n ts  f o r  th e  o p e ra t in g  p o in t r u le d  t h i s  o u t 
because  th e  d e te c t io n  system  m ust he a b le  to  d i s t in g u i s h  
th e  d i r e c t io n  o f  th e  change o f  th e  w orking o s c i l l a t o r  
freq u en cy  to  o rd e r  t h a t  th e  m otor co u ld  be r o ta t e d  t o
22
t h e  p ro p e r d i r e c t io n -  to  can o e! th e  freq u en cy  change* i f  
t h e  o p e ra t in g  p o in t  was chosen a s  ooro titan  r e g a rd le s s  
o f  w hether th© freq u en cy  o f  th© w orking o s c i l l a to r ' s h i f t e d  
up o r  4 o m f th© change In  h e a t frequency  would in d ic a te  
o n ly  th© m agnitude and n o t th e  d i r e c t io n  o f  th e  change*
th e r e f o r e  th© q u ie sc e n t v a lu e  o f  th© h ea t freq u en cy  
o r  system  n u l l  p o in t  had t o  be chosen  a t  some d e f in i t e  
v a lu e  w hich would p erm it th© d i r e c t io n  a s  w e ll  ms th e  
ma^&Mmd© o f  any  change to- he a sc e r ta in e d *  Sine© th© 
d e s i r e d  rang© o f  t h e  in s tru m e n t was to  be p lu s  o r  minus 
1 © h e . th© minimum v a lu e  f o r  th e  q u ie s c e n t p o in t was 1 0  to *
A f te r  th© o p e ra t in g  p o in t was chosen to  be 10 te *  a  
way had t o  be found to  co n v e rt t h i s  s ig n a l  t o  a  s ig n a l  
w ith  a  freq u en cy  o f  60  c y c le s  p er second whose phase would 
v a ry  by ISO d eg rees  depending on w hether th© b e a t n o te  m s  
above o r  below th© o p e ra tin g  p o in t*  T h is s ig n a l  when up-* 
p l ie d  t o  t h e  m o to r, would cau se  i t  t o  r o t a t e  in  th e  p ro p e r 
d i r e c t io n  to  r e tu r n  th© b e a t to  10 tec* The method adop ted  
f o r  t h i s  pu rpose was to  compare th© b ea t freq u en cy  from  
th e  o s c i l lo m e te r  t o  an audio s ig n a l  o f  10  tec * o b ta in e d  
from  a n o th e r  sou rce*  These two s ig n a ls  had to  be compared 
a t  th e  r a t e  o f  60  c y c le s  p e r second th ro u g h  a  c i r c u i t  
whose o u tp u t v a r ie d  In  am p litu d e  w ith  th© freq u en cy  o f  
th© in p u t s ig n a l*  Thus th e  o u tp u t from  t h i s  c i r c u i t  would 
c o n s i s t  o f  a  v o l ta g e  w ith  a  freq u en cy  o f  60 c y c le s  p a r 
second whose phase would v a ry  by 100  d eg rees  f depending
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©n w hether th e  t e a t  freq u en cy  was h ig h e r  <33? low er th a n  
C hat o f  th e  r e f e r e n c e  aud io  s ig n a l*  Such a s ig n a l  ful«* 
f i l l e d  th e  re q u ire m e n ts  f o r  th e  c o n tro l  v o lta g e  to  t e  
a p p lie d  t o  th e  motor*
Th© f i r s t  method t r i e d  ( to  o b ta in  t h i s  re fe re n c e  
au d io  s ig n a l )  was to  t e a t  th e  re fe re n c e  o s c i l l a t o r  o f  th e  
b a s ic  o s c i l lo m e te r  a g a in s t  a t h i r d  h ig h  freq u en cy  o e e il*  
l a t o r  and a d ju s t  th e  freq u en cy  o f  th e  t h i r d  o s c i l l a t o r  
so a s  to  g iv e  a  10  ho* s ig n a l  fo r  re fe re n c e *  I t  was f e l t  
t h a t  t h i s  would have c e r t a in  advan tages in  t h a t  a l l  th r e e  
o s c i l l a t o r s  would be exposed to  t h e  same v a r ia t io n s  in  
o p e ra t in g  cond ition©  and m ight t e  expec ted  to  r e a c t  in  
th e  same manner* Any v a r ia t io n  in  th e  t e a t  fre q u en cy  
due to  o p e ra t in g  c o n d it io n s  would induce  a  co rre sp o n d in g  
change in  th e  r e f e re n c e  freq u en cy  and in d ic a te  no e r r o r  
to  th© servo  loop* An arrangem ent o f  t h i s  ty p e  m s  t r i e d  
b u t th e  im p o s s ib i l i ty  o f  se c u rin g  ad eq u a te  e le c tro m a g n e tic  
s h ie ld in g  betw een th e  th r e e  o s c i l l a t o r s  made i t  n e c e s sa ry
to  abandon t h i s  approach*
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The o th e r  p o s s ib le  so u rce  f o r  t h i s  r e f e re n c e  aud io  
s i ^ i a l  was a  s e p a ra te  aud io  o s c i l l a t o r  o f  s a t i s f a c to r y  
s t a b i l i t y .  The u se  o f  a s e p a ra te  aud io  o s c i l l a t o r  was 
s e le c te d  a s  th© m ost f e a s ib le  approach*
The f i n a l  d e s ig n  i s  shown in  F ig u re  6  in  form  o f  a 
b lo eh  diagram* I t  c o n s is t s  o f  th e  b a s ic  o s c i l lo m e te r
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c i r c u i t  c o n ta in in g  two h ig h  freq u en cy  o s c i l l a to r s *  each 
w ith  a  h u ff  o r  a m p l i f ie r  t o  m inim ise in te ra c t io n *  whoa© 
o u tp u ts  a r e  fe d  to. a  m ixer e ta  go.* The o u tp u t o f  th e 'm ix e r  
i s  an au d io  v o l ta g e  o f  a freq u en cy  eq u a l to  th e  d i f f e r  one© 
in  freq u en cy  betw een th e  worsting and th e  r e fe re n c e  o s c i l ­
l a to r s *  T h is  au d io  .frequency  s ig n a l  th e n  p a sse s  th ro u g h  
a  s ta g e  o f  a m p l i f ic a t io n  and i s  fe d  to  a p a i r  o f  c l ip p e r  
tu b e s  which l im i t  i t s  am p litude  on bo th  p o s i t iv e  and neg­
a t iv e  h a l f  cy c le s*  ..This c l ip p e d  wave i s  th e n  fe d  to  one 
In p u t o f  a  c |iopper o p e ra t in g  a t  60 c y c le s  p e r second*
i'
At th e  same tim e  th e  s ig n a l  from  a  s e p a ra te  aud io  
o s c i l l a to r *  a d ju s te d  to  g iv e  a v a lu e  o f  9*2 to#* I s  fe d  
t o  th© o th e r  in p u t o f  th e  chopper th ro u g h  a  p a i r  o f  c l ip *  
per© which l i m i t  i t s  am p litude  to  th e  same v a lu e  a© t h a t  
o f  th© h e a t s i g n a l  between th© two h ig h  freq u en cy  o s c i l ­
la to r s *
Th© chopper s ta g e  c o n s i s t s  o f  a  v ib r a to r  w hich 
su c c e s s iv e ly  sam ples th e  two in p u ts  a t  th e  r a t e  o f  s ix ty  
tim es  p e r  second* th u s  g iv in g  .an  o u tp u t, w hich i s  sq u are  
wave freq u en cy  m odulated a t  s i x ty  c y c le s  p e r second*
T his freq u en cy  m odulated o u tp u t from  th© chopper i s  
th e n  fe d  th ro u g h  a  d is c r im in a to r  c i r c u i t . Th© am p litu d e  
o f  th e  o u tp u t o f  t h i s  c i r c u i t  i s  p ro p o r t io n a l  to  th e  
fre q u en cy  o f  th e  in p u t so t h a t  th e  v o lta g e  coming o u t o f  
t h i s  stag® v a r ie s  a b ru p tly  in  freq u en cy  from  9*2 to  # to
t h e  in s ta n ta n e o u s  b e a t n o te  -and in  am p litude  from  th e  
v a lu e  f o r  9*2 ko» to  a  h ig h e r  ex  low er one depending on 
ito®t|i©r hh© b e a t fre q u en cy  i s  h ig h e r  o r  low er th a n  th e  
9*2 lus* r e f e r e n c e  frequency*
Th© o u tp u t v o l ta g e  w hich i s  b o th  freq u en cy  a n t  am pli­
tu d e  m odulated  a t  60  c y c le s  th e n  p asses  th ro u g h  a d e te c to r  
w hich re sp o n d s  to  th© 60 c y c le  v a r ia t io n s  in  am p litu d e  
b u t n o t  t o  th e  h ig h e r  aud io  f re q u e n c ie s*  th e r e f o r e  th e  
o u tp u t o f  th© d e te c to r  c i r c u i t  c o n s is t s  o f  a  60 c y c le  volb*- 
age t r y i n g  in  phase  by 180 degrees*  depending on w hether 
'to© b e e t n o te  l a  h ig h e r  o r  low er th e n  th© 9*2  to *  r e f e r s  
me© s ig n a ls  I f  t h e  two s ig n a ls  a r e  th e  m sm  fre q u en cy  
th e  am p litu d e  o f  th e  In p u t to  th e  d e te c  t e r  w i l l  he ©out* 
s t a n t  and th e r e  w i l l  be no a l t e r n a t in g  o u tp u t v o lta g e #
I f  th e  two f re q u e n c ie s  a r e  n o t th e  same th e n  th e  
60  c y c le  o u tp u t from  th e  d e te c to r  i s  fe d  th ro u g h  two 
s ta g e s  o f  v o l ta g e  a m p l i f ic a t io n  in to  th e  power a m p lif ie r  
c o n tro l  g r id s*
The power a m p l i f ie r  s u p p l ie s  a  60 c y c le  c u r r e n t  to  
one w inding  o f  a  two phase in d u c tio n  m otor c a u s in g  i t  
t o  tu rn *  The m otor s h a f t  i s  coup led  th ro u g h  re d u c t io n  
g e a rs  to  th e  tu n in g  condenser o f  th e  w r i t in g  o s c i l l a t o r *  
chang ing  i t s  fre q u en cy  u n t i l  th e  b ea t freq u en cy  re tu rn ©  
t o  9*2 ho* The m otor s h a f t  I s  a ls o  coupled  to  th e  movable 
arm o f  a  p r e c is io n  p o ten tio m e te r*  T h is  p o te n tio m e te r  h as
a  &-e v o lta g e  a p p l ie d  a c ro ss  i t  and th e  changing  l e v e l  
o f  d-*c v o lta g e  a s  th© a m  o f  th e  p o te n tio m e te r  i© moved 
l a  a p p lie d  to  th© in p u t o f  a  re c o rd in g  p o ten tio m eter*  
th u s*  th e r e  i s  a p p lie d  t o  th e  re c o rd in g  p o te n tio m e te r  a  
d^o v o lta g e  p ro p o r t io n a l  t o  th© amount o f  reb u n to g  neces­
s a ry  to  make th e  t e a t  freq u en cy  re a c h  a v a lu e  o f  9*2 ko*
C o n s tru c tio n  and d e t a i l e d  D e sc r ip tio n  o f  C i r c u i t s
th e  a p p a ra tu s  m s  c o n s tru c te d  on th r e e  chaseis©®*
"She o s c i l l a t o r  u n i t  c o n ta in s  th e  two h ig h  freq u en cy  
o s c i l l a t o r s  and th e  m l^er s ta g e  com prising  th e  b a s ic  
o s c il lo m e te r*  A lso in  t h i s  u n i t  a re  th e  m otor and gear 
t r a i n  n e c e s sa ry  to  r s tu n e  th e  w orking o s c i l l a t o r  and th e  
p o te n tio m e te r  to  f u r n is h  th e  s ig n a l  to  th e  re c o rd e r*  fh e  
c o n t r o l  u n i t  c o n ta in s  th e  re fe re n c e  aud io  o s c i l l a to r #  th e  
c i r c u i t s  t o  su p p ly  th e  m otor c o n tro l  v o lta g e  and th e  
c i r c u i t s  t o  su p p ly  th e  c o r r e c t  &~© v o lta g e  to  th e  p o te n t 
t io m e te r  coup led  to  th e  m otor s h a f t*  A power supp ly  f o r  
a l l  n e c e s s a ry  v o lta g e s  to  th e  o th e r  part®  o f  th e  c i r c u i t  
m s  b u i l t  on a s e p a ra te  c h a ss is*  A l l  u n i t s  were mounted 
in  a ra c k  mount*
th e  com plete  schem atic  d iagram  f o r  th e  o s c i l l a t o r  
and c o n t ro l  u n i t s  i s  sh o rn  in  f ig u r e  7* F ig u re s  8 and 9 
show th e  schem atic  diagram s o f  th e  range c i r c u i t  and 
power supp ly  re s p e c t iv e ly *
I t  would now be d e s i r a b le  to  d is c u s s  th© o p e ra t io n
o f th e  complete instrum ent la  g re a te r  d e ta il* , as w ill  
be seen from F igure 7* th e  basic  o sc illo m ete r c i r c u i t  i s  
composed o f V301-306. V301 i s  th e  working oso i l l a t o r ; 
i t  uses a 615 tu b e , She o s c i l la to r  c i r c u i t  i s  a m odifi­
ca tio n  o f th e  O o lp itts  type f i r s t  described  by Qlapp (4 ) 
and, w ith  minor changes in  th e  values o f  the  c i r c u i t  com­
ponents, i s  th e  same o s c i l la to r  described  by West, 
B urkhalter and Broussard (1 9 ). She frequency determ in­
ing  network i s  a  s e r ie s  resonan t combination o f 1*301 sad 
th e  p a ra l le l  combination o f  0305 and 0301 and C3Q2 in  
s e r ie s ,  fhe t e s t  c e l l  i s  hooked l a  th e  jacks provided 
across 0305* 0301 i s  ad ju sted  so as  to  make th e  change 
in  th e  frequency o f  operation  9 ,2  tec, fo r  180 degrees 
ro ta t io n  o f th e  main tun ing  condenser, 0302, 0303 and 
0304 a re  la rg e  s i lv e r  mica condensers whose purpose i s  
to  provide th e  feedback between th e  p la te  and g r id  neces­
sa ry  to  su s ta in  o s c i l l a t io n s ,  fhe  p la te  is  su pp lied  .w ith  
150 v o l ts  from a reg u la ted  d-e power supply and th #  i f - f  
i s  bypassed to  ground through 6307,
f h e  o u tp u t  o f  V 301  i s  t a k e n  fr o m  t h e  c a th o d e  an d  f e d  
th r o u g h  0 3 0 8  t o  t h e  g r i d  o f  V302 .  ¥ 3 0 2  i s  a  b u f f e r  am­
p l i f i e r  e m p lo y in g  a  6SK? t u b e .  I t s  p u r p o se  i s  t o  i s o l a t e  
t h e  o s c i l l a t o r  c i r c u i t  a n d  t o  a m p l i f y  t h e  r - f  v o l t a g e ,
The stage  was designed to  have a vo ltage gain  o f  5 , fhe 
ou tpu t o f  V 302  i s  coupled t o  th e  number one g rid  o f  V 3 0 5 .
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¥303  i s  th® re fe re n c e  o s c i l l a t o r  and i s  e x a c t ly  
Ilk©  th e  m a k in g  o s c i l l a t o r  w ith  th e  ex c ep tio n  o f  tlx© 
c i r c u i t  c o n s t a n ts  in  tlx© frequency  d e te rm in in g  network# 
Th© freq u en cy  d e te rm in in g  netw ork c o n s is t s  o f  1304  and 
th© p a r a l l e l  com bination  o f  0311 and 0 3 1 2 # 0311 can
cau se  th e  t o t a l  c a p a c ita n c e  o f  tb e  c i r c u i t  to  change by 
a  f a c to r  o f  g r e a te r  th a n  2 th u s  p e rm it t in g  th e  re fe re n c e  
o s c i l l a t o r  to  be tu n ed  nmnual3,y over a  wide range  o f  
v a lu e s .
The o u tp u t o f  ¥303 1» ta k e n  from  tlx© ca thode and 
coup led  to  th e  g r id  o f  th e  b u f fe r  a m p lif ie r  ¥ 3 0 4  th rough  
0 3 1 7 # T h is  b u f f  ex*1 s ta g e  i s  i d e n t i c a l  w ith  t h a t  o f ¥ 3 0 2 *
The o u tp u t o f  ¥303 i s  ta k e n  from  th e  ca thode  and 
coupled  to  th e  g r id  o f  t h e  b u f fe r  a m p lif ie r  ¥ 3 0 4  th ro u g h  
0317. T h is  b u f fe r  s ta g e  I s  id e n t i c a l  w ith  t h a t  o f  ¥3G&*
Th© o u tp u t o f  ¥304 I s  coupled  th ro u g h  0319 to  th e  
number th r e e  g r id  o f  th e  m ixer s ta g e  ¥305 . T his s ta g e  
employs a  6L7  tub® in  a  co n v e n tio n a l p e n ta g r id  .mixer 
s ta g e .  Th© number on© g r id  i s  connected  to  th e  Ju n c tio n  
o f  th© s p l i t  ca th o d e  r e s i s t o r s  E309 and 1310 th ro u g h  E311 
to  g iv e  3 v o l t s  b ia s  on th e  number on® g rid*  The number 
th r e e  g r id  i s  co nnected  t o  ground th ro u g h  B31& g iv in g  an  
e f f e c t iv e  b ia s  o f  9 volt©  on t h i s  g rid #  Th© o u tp u t in  
th e  p la t e  c i r c u i t  c o n ta in s  th e  o r ig in a l  f re q u e n c ie s  fe d
W o  th©  g r i d s  a s  w a ll  as f re q u e n c ie s  eq u a l bo t h e  a m  
and th e  d i f f e r e n c e  o f  th e  .inpu ts*
0 too© th e  s ig n a l  freq u en cy  d e s ire d  from  t h i s  s ta g e  
i s  th e  d i f f e r e n c e  freciuenoy, i t  i s  n e c e ssa ry  to  nemo ye 
th e  unwanted components fey some means# fh e  o u tp u t o f  
T3©$ i s  tafcem from  th e  p l a t e  and i s  fe d  th ro u g h  0321  to  
th e  p a r a l l e l  com bination  o f  1314 and ¥ 3 0 6 * fheao  com* 
p onen ts  form  a  f i l t e r  which w i l l  r a a o w  th e  h ig h  f re «  
quenoy components h u t w i l l  a llo w  th e  aud io  d i f f e re n c e  
freq u en cy  to  p ass  th rough*
T h is  aud io  d i f f e r e n c e  freq u en cy  i s  th e n  cou p led  
th r o u g h  0323 and th ro u g h  a  connect to g  s to g ie  conduc to r 
c a b l e  to  th e  c o n t r o l  u n i t  where i t  l a  a p p lie d  to  t h e  g r id  
o f  ¥ 2 0 3 *  f h i s  s ta g e  i s  a  co n y e n tio n a l aud io  a m p lif ie r  
e m p lo y in g  one h a l f  o f  a  6$B7 tube*  fh© c i r c u i t  m in e s  
a r e  th o s e  recommended to  th e  R0A Tube Manual (15 J w hich 
s a y s  t h a t  t h i s  s ta g e  sh o u ld  have a  y o lta g e  g a in  o f  14#
A t t h i s  p o in t ,  th e  aud io  d i f f e r  mo© freq u en cy  has 
been o b ta in e d  from  th e  b a s ic  o s c i l lo m e te r  c i r c u i t  and 
coup led  in to  th e  c o n t ro l  u n i t  where i t  undergoes one 
s ta g e  o f  aud io  a m p lif ic a tio n *  B efore fo llo w in g  t h i s  
a ig o a l  p a th  f u r t h e r  i t  i s  n e c e ssa ry  to  d e sc r ib e  th e  method 
by w hich th e  r e fe re n c e  aud io  s ig n a l  1b ob ta ined*
The r e f e r e n c e  au d io  o s c i l l a t o r  i s  composed o f  ¥801 
and ¥ 2 0 2 .  T hese  tu b e s  com prise a m o d if ic a tio n  o f  th e
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phase s h i f t  o s c i l l a t o r  d e sc rib e d  by Glitz to n  and 
H o llin g sw o rth  {5}# JUiy a m p l i f ie r  w i l l  o s c i l l a t e '  i f  th e  
n e c e s sa ry  feedback  c o n d it io n s  a re  met* These c o n d itio n s  
a re  t h a t  th e r e  be, fe d  back from  th e  p la te  c i r c u i t  to  th e  
$?&&* a  v o lta g e  o f  th e  same freq u en cy  and ph&eo a s  th e  
s ig n a l  v o l ta g e  and w ith  an  am p litude  eq u a l to  o r  g re a te r  
th a n  th e  lo s s e s  in  th e  tu b e  c i r c u i t#  When th e s e  c o n d it io n s  
a re  m et th e  c i r c u i t  w i l l  s u s ta in  o s c i l la t io n s *  I f  on 
a l t e r n a t i n g  v o lta g e  i s  a p p lie d  to  a  r e s i s t o r  and c a p a c i to r  
in  s e r i e s  th e r e  w i l l  be a  d if f e r e n c e  in  phase between th e  
v o lta g e  a p p lie d  to  th e  com bination  and th e  v o lta g e  a c ro s s  
e i t h e r  th e  r e s i s t o r  o r  th e  c a p a c i to r  because  o f  th e  in -  
a b i l i t y  o f  a  c a p a c i to r  to  change i t s  charge  l& etoaban* 
eously*  T h is  phase  s h i f t  between th e  a p p lie d  v o lta g e  and 
th e  v o lta g e  a c ro s s  e i t h e r  component depends on th e  eimes 
o f  th e  r e s i s t o r  and th e  c a p a c ito r#  I f  th e  v o lta g e  a c ro s s  
th e  r e s i s t o r  o f  such a com bination  i s  th e n  a p p lie d  to  a  
s im i la r  netw ork  an  a d d i t io n a l  phase s h i f t  w i l l  be induced* 
I f  th re e  o r  more R~G com binations a r e  used c o n se c u tiv e ly  
th e n  th e r e  w i l l  be one frequency  a t  which th e  v o lta g e  ap ­
p l ie d  and th e  v o l ta g e  developed  a c ro s s  th e  l a s t  r e s i s t o r  
w i l l  be d i f f e r e n t  i n  phase by 100 degrees#  S in ce  th e  
phase d i f f e r e n c e  between th e  p la t e  and g r id  v o lta g e s  o f  
an a m p lif ie r  i s  ISO degrees*  i t  becomes a p p a ren t t h a t  any 
a m p l i f ie r  w ith  s u f f i c i e n t  g a in  cou ld  be co n v e rted  in to  an  
o s c i l l a t o r  by a p p ly in g  th e  plat©  v o lta g e  to  th r e e  o r  more
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r e s i s t a n c e s  a  p&c i ta n c e  v o lta g e  d iv id e r s  and head ing  th e  
o u tp u t from  th e  l a s t  s e a t  io n  o f  th e  netw ork back to  th e  
g rid #  T h is  i s  th e  b a s ic  c i r c u i t  employed in  th e  re fe re n c e  
audio o s c i l l a t o r  , V201  i s  a  h ig h  g a in  pentode am p lif  i e r
em ploying a  6AC7 tube*  The plat©  o f  V201 i s  coupled  to  
th e  g r id  o f  th e  ca th o d e  fo llo w e r  Y2 0 2 * There i s  he phase 
s h i f t  in tro d u c e d  between th e  g r id  and ca thode o f  a  ca th o d e  
fo llo w e r  so t h a t  any a l t e r n a t in g  v o lta g e  on th e  ca th o d e  
o f  V202 w i l l  b© in  phase w ith  th e  g r id  v o lta g e  o f  ¥202 
and th u s  w ith  th e  p l a t e  v o lta g e  o f  ¥2 0 1 , The ca th o d e  
v o lta g e  o f  ¥ 202  i s  developed  a c ro s s  R2G5 and t h i s  v o l ta g e  
i s  a p p lie d  to  th e  th r e e  s e c t io n  phase s h i f t i n g  netw ork  
0203* R207; 02041 R20S; 0205* R209. th e  v o lta g e  a c ro s s  
S209 i s  fe d  to  th e  g r id  o f  ¥201 com pleting  th e  feedback  
loop# The frequency o f  o so i l l a t i o n  can be v aried  by any 
one o r  a l l  o f  th e  r e s i s t o r s  in  th e  phase s h i f t i n g  n e t ­
work* B2XX th e  p la t e  lo ad  r e s i s t o r  i s  ad justed  so t h a t  
th e  gain o f  ¥201  i s  Ju st enough to  s u s ta in  o s c i l l a t i o n s  
because a t  t h i s  o p e ra t in g  p o in t th e  waveform o f  th e  
p u t v o lta g e  i s  most n e a r ly  f r e e  o f  harm onic c o n te n t and 
th e  o s c i l l a t i o n  i s  v e ry  s ta b le #  The ca th o d e  f o l lo w #  
s ta g e  i s  u sed  betw een th e  p la te  o f  ¥201  and th e  phase 
s h i f t i n g  netw ork  so t h a t  ¥201  may work in to  a  h ig h  to*  
pedonce lo a d  and to  i s o l a t e  th e  freemen©y d e te rm in in g  
e lem en ts a s  m m h  a s  p o ss ib le #  The aud io  freq u en cy  out** 
p u t i s  developed a c ro s s  R206  in  th e  p l a t e  o f  ¥202  be to** 
c re a s e  th e  i s o l a t i o n  o f  th e  phase s h i f t i n g  n e tw ork . The
4^
au d io  o s c i l l a t o r  I s  a d ju s te d  to  g iv e  a freq u en cy  o u tp u t 
o f  9*2 &c,
T h is  s ig n a l  through. 0200 and th e  aud io  d iffe rone©  
freq u en cy  from  th e  p la t e  o f  V203 th ro u g h  0202 a r e  fe d  to  
th e  p o s i t iv e  and n e g a tiv e  c l ip p e r  c i r c u i t s  and th en  to  
th e  two s e p a ra te  In p u ts  o f  th e  chopper*
These c l ip p e r  c i r c u i t s  a re  composed o f  B214 and 
o n e -h a lf  o f  each  o f  V204 and V20§ in  th e  p a th  o f  th e  aud io  
d i f f e re n c e  fre q u en cy  and B213 and th e  o th e r  h a lv e s  o f  V2G4 
and V2G5# f o r  th e  9*2  he* re fe re n c e  s ig n a l*  The o p e ra tio n  
o f  th e  two p a i r s  o f  c l ip p e r  c i r c u i t s  i s  id e n t ic a l*  V204 
i s  th e  p o s i t iv e  c l ip p e r  f o r  b o th  s ig n a lsg  i t s  ca th o d es  
a r e  t i e d  to g e th e r  and a re  connected  to  p lu s  1*5  v o lte *
V205 c o n ta in s  bo th  n e g a tiv e  c l ip p e r s  | i t s  p la te s  a r e  t i e d  
to g e th e r  and co n n ec ted  to  minus 1*5  v o l t s ,  The p o r t io n  
o f  th e  a p p lie d  v o lta g e  developed  a c ro s s  th e  two tu b e s ln  
p a r a l l e l  i s  a p p lie d  to  th e  in p u t o f  th e  chopper* On th e  
p o s i t iv e  h a l f  c y c le  o f  th e  d if f e r e n c e  freq u en cy  s ig n a l  
th e  cathode o f  V2Q5 i s  h ig h e r  In  p o te n t i a l  th a n  th e  p la te  
and i t  canno t conduct because i t  ap p ears  to  th e  s ig n a l  a s  
an  open c i r c u i t*  U n t i l  th e  v a lu e  o f  th e  s ig n a l  v o lta g e  
re ach es  a v a lu e  o f  1 .5  v o l t s ,  th e  p lat©  o f  V204 i s  low er 
in  p o te n t i a l  than  th e  ca thode so t h a t  I t  canno t conduct 
and i t  a ls o  ap p e a rs  a s  an open c i r c u i t  to  th e  s ig n a l*
S in ce  th e  tu b e s  a r e  in  s e r i e s  w ith  B2 1 4 * v o lta g e  d iv id e r  
a c t io n  ca u se s  th e  whole s ig n a l  v o lta g e  to  ap p ear a c ro s s
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th© tu b e s  Mid "to b© fe d  to  th e  in p u t bo th e  chopper* When 
th e  am p litu d e  o t  th e  s ig n a l  v o lta g e  exoeeds 1*5  v o l t s ,
M e p la t e  o f  Y20k i s  h ig h e r  in  p o te n t ia l  M an th e  ca thode 
and th e  tu b e  c o n d u c ts , a c t  lug  a s  a  s h o r t  o Xnouit to  th e  
s ig n a l .  V o ltag e  d iv id e r  a c tio n  th e n  cau ses  a l l  o f  th e  
s ig n a l  v o l ta g e  in  ex cess  o f  l . S  v o l t s  to  be dropped a c ro s s  
. B 2I4 . On th e  n e g a tiv e  h a l f  c y c le  th e  r o l e s  o f  th e  tu b e s  
a r e  re v e rs e d  and V2Q§ conducts as  soon a s  th e  s ig n a l  v o l t -  
age exceeds minus 1 .5  v o l ts *  fh e  in p u ts  to  th e  chopper 
th e n  c o n s i s t  o f  v o lta g e s  l im i te d  in  am plitude  to  1*5  v o l t s  
on bo th  th e  n e g a tiv e  and p o s i t iv e  h a l f  c y c le s ,  t h i s  in*  
c u re s  t h a t  th e  d i f f e r e n c e  freq u en cy  s ig n a l  and th e  aud io  
re fe re n c e  s ig n a l  rem ain  equa l in  am p litu d e .
The chopper o r  v ib r a to r  i s  a  s in g le  p o le  doub le  
th row  sw itch  o p e ra te d  a t  60 c y c le s  p e r  second . I t  su cc­
e s s iv e ly  sam ples th e  two in p u ts*  Ih o  o u tp u t waveform i s  
o f  c o n s ta n t  am p litu d e  b u t changes a b ru p tly  in  freq u en cy  
from  t h a t  o f  th e  audio  d if f e r e n c e  freq u en cy  to  th e  9 .2  he* 
r e f e r e n c e  s ig n a l  • fh e  v ib r a to r  chosen f o r  u s e  in  t h i s  
a p p l ic a t io n  i s  th e  one employed in  th e  Brown l l e c t r o n i k  
R e c o r d e r  and was o b ta in e d  from  th e  Brown In s tru m en t 0o*» 
P h ila d e lp h ia , P a .
The o u tp u t o f  th e  chopper s ta g e  i s  fe d  to  th e  d i s ­
c r im in a to r  s ta g e  c o n s is t in g  o f  V206 and i t s  a s s o c ia te d  
c i r c u i t  e le m e n ts . Ih© purpose o f  t h i s  s ta g e  i s  to  g iv e  
a  waveform .which v a r ie s  in  am p litude  w ith  th e  freq u en cy
®t th e  in p u t  s i g n a l ,  The perform ance o f  th e  whole in.* 
strwmenb depend© upon th e  c h a r a c t e r i s t i c s  o f  . t h i s  one 
c i r c u i t  and th e re fo r©  i t s  d es ig n  and o p e ra tio n  i s . 'a  m &t 
im portan t' o o n s id e ra t  io n  * The d es ig n  req u irem en ts  a re  
t h a t  f o r  any fre q u en cy  w ith in  th e  ran g e  o f  o p e ra tio n  t h a t  
i s  h ig h e r  th a n  th e  r e f e r  ©no© fre q u en cy , th e  d is c r im in a to r  
must have a  l a r g e r  am p litude  o f  o u tp u t th a n  th a t  f o r  th e  
re fe re n c e  s ig n a l  and fo r  any freq u en cy  low er th a n  th e  
r e fe re n c e  i t  m ust have a low er am plitude  o f  output*- Also 
th e  s lo p e  o f  th e  o u tp u t v o lta g e  v e rsu s  freq u en cy  cu rve  
must be such t h a t  any change o f  more th an  5 c y c le s  w i l l  
supp ly  th e  v o lta g e  d i f f e r e n t i a l  n e c e s sa ry  to  a c t iv a te  th e  
motor* The d e s ire d  ran g e  o f  th e  in s tru m en t f i r e d  th e  
o p e ra t in g  p o in t in  th e  neighborhood o f  10  ko« A ll  o f  th e  
d es ig n  re q u ire m e n ts  co u ld  be met by a  h ig h  p ass  f i l t e r  
c i r c u i t  hav ing  a  c u to f f  frequency  around 10  te *
The o u tp u t o f  th e  chopper i s  fe d  to  th e  g r id  o f  one 
h a lf  o f  T*Q6 th ro u g h  a  h igh^paes in d u c tan ce  c a p a c ita n c e  
f i l t e r  composed o f  1201*203 and 0209-214* t h i s  f i l t e r  i s  
d es ig n ed  a c c o rd in g  to  fo rm ulae g iven  in  standard  works on 
e le c t r o n ic s  such  a s  Terman (17) and has an  image impedance 
o f  470  kllohm e m aking i t  s u i t a b le  f o r  in s e r t io n  in  a  g r id  
c i r c u i t*  The v o l ta g e  a p p lie d  to  th e  g r id  o f  th e  tub© i s  
p ro p o r t io n a l  to  th e  freq u en cy  o f  th e  in p u t s ig n a l*  The 
tu b e  a m p lif ie s  t h i s  s ig n a l  and th e  o u tp u t i s  ta k e n  from  
th e  p la te  and a p p lie d  to  th e  g r id  o f  th e  o th e r  h a l f  o f  If206
th rough  a h ig h -p a s s  r e s i s t a n c e  c a p a c ita n c e  f i l t e r  * com* 
posed o f  0214*219 and R218-221, The v a lu e s  o f  th o se  
c i r c u i t  e lem en ts wore e x p e rim e n ta lly  determ ined  to  g ive  
th e  s te e p e s t  s lo p e  to  th e  d is c r im in a to r  c h a r a c t e r i s t i c  * 
T h is  s ig n a l  v o l ta g e  i s  ag a in  a m p llf le d  by th e  second h a l f  
o f  V2Q6 and th e  o u tp u t i s  tak en  from  th e  p la te  th ro u g h  
0221,
f ig u r e  IQ shows th e  d is c r im in a to r  re sp o n se  w ith  a 
s in u s o id a l  v o l ta g e  in p u t to  1201  and th e  o u tp u t ta k e n  o f f  
th ro u g h  0221  • th e  s ig n a ls  were fu rn ish e d  by a  H ew lett*  
P ackard  Audio o s c i l l a t o r  Model 2000, f ig u r e  11 shows 
th e  re sp o n se  o f  th e  d is c r im in a to r  to  th e  ty p e  o f  s ig n a l  
which i t  r e c e iv e s  in  a c tu a l  o p e ra tio n *  th e  in p u t s ig n a l  
in  t h i s  c a se  was a p p lie d  to  th e  c l ip p e r s  and was l im i te d  
to  th r e e  v o l t s  peak to  peak* I t  m s  th e n  fe d  t o  th e  
d is c r im in a to r  w ith  a  jum per between th e  chopper in p u t and 
o u tp u t te rm in a ls*  The s ig n a ls  w ere o b ta in e d  from  th e  
H ew le tt-P ackard  2O0I o s c i l l a t o r  a s  a  p rim ary  frequency  
s tandard*  The pronounced hump a t  a  freq u en cy  o f  around 
5 kc* i s  due to  th e  h ig h  harm onic c o n te n t o f  th e  sq u are  
wave in p u t which i s  a c c e n tu a te d  by th e  h ig h -p a ss  c h a r­
a c t e r i s t i c s  o f  th e  d is c r im in a to r*  T h is cu rv e  d e te rm in es  
th e  f i n a l  oho ic e  o f  o p e ra tin g  po in t*  The optimum r e f e r *  
ence freq u en cy  was chosen a s  9 *^ ko* because t h i s  f r e ­
quency g iv e s  a  v o l ta g e  o u tp u t h ig h e r  th an  t h a t  f o r  5 ko * 
and  i t  l i e s  on th e  s te e p e s t  p a r t  o f  th e  c u rv e . The s lo p e
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o f  th e  cu rv e  in  th e  neighborhood o f  th e  o p e ra tin g  p o in t 
i s  2*5  m i l l i v o l t s  p e r cy c le*
fh e  o u tp u t o f  th e  d is c r im in a to r  has a  v o lta g e  m ire# 
fu im  w hich v a r ie s  a b ru p tly  in  freciueuoy from 9 .2  kc* to  
th e  in s ta n ta n e o u s  v a lu e  o f  th e  d if f e r e n c e  frequency  be* 
tw een th e  r e f e r e n c e  and th e  w orking o s c i l l a to r s *  fh e  
waveform v a r ie s  in  am p litu d e  from  th e  f ix e d  v a lu e  f o r  
9*2  ko . t o  a  h ig h e r  o r  low er v a lu e  depending on w hether 
th e  d i f f e r e n c e  fre q u en cy  i s  h ig h e r  o r  low er th e n  th e  9*2 
ke* re fe re n c e  frequency*  t h i s  wave form  w hich i s  bo th  
freq u en cy  and am p litu d e  m odulated a t  60  c y c le s  p e r  second 
i s  fe d  t o  th e  d e te c to r  V2Q?* t h i s  s ta g e  employs one h a l f  
o f  a  6H6  tw in  d iode  i n  a  shunt fe d  d e te c to r*  fh e  d iode  
conducts on th e  n e g a tiv e  h a l f  c y c le s  and th e  charge  on 
0222  ch a rg es  up to  th e  peak v a lu e  o f  th e  a p p lie d  v o ltag e*  
On th e  p o s i t iv e  h a l f  c y c le  th e  condenser s t a r t s  t o  d ie*  
cha rg e  th ro u g h  B224 and 1225* However th e  tim e c o n s ta n t  
o f  th e  d is c h a rg e  p a th  i s  such t h a t  th e  v o l ta g e  on 0222  
i s  unab le  t o  v a ry  a t  t h e  h ig h  aud io  r a t e  bu t can v a ry  a t  
a  60 c y c le  r a te *  ^ u a  th e  e f f e c t  o f  t h i s  i s  t h a t  th e  
v o lta g e  a c ro s s  0222  fo llo w s  th e  am p litude  v a r ia t io n s  o f  
th e  in p u t wave form* H226  and 0223  form  a f i l t e r  to  ye#* 
move any f re q u e n c ie s  h ig h e r  th an  60 c y c le s  from  th e  &e«* 
t e e t o r  o u tp u t*
Ih e  60 c y c le  wave from  th e  d e te c to r  th e n  goes th ro u g h  
two s ta g e s  o f  a m p l i f ic a t io n  in  V2O0 and i s  fe d  to  th e
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g r id s  o f  tli© power a m p lif ie r s  ¥209  and ¥ 2 1 0 .
¥2 0 9  and ¥210  a re  6S1¥? tw in  t r io d o s  w ith  tlie  g r id s  
o f  a l l  fo u r  s e c t io n s  t i e d  to g e th e r ,  Hie oathod©s a re  
connected  to g e th e r  and t i e d  to  ground th rough  H234* Hi© 
p la te s  o f  one s e c t io n  o f  each tu b e  a re  connected  In  p a r­
a l l e l  and th e  two com binations a re  connected  to  o p p o s ite  
ends o f  th e  275 v o l t  c e n te r - ta p p e d  secondary  o f  T1 0 2 *
These le a d s  a re  b rough t from th e  power su p p ly . The con­
t r o l  w inding o f  th e  re tu n in g  motor M301 I s  connected  from  
ground to  th e  c e n te r  t a p  o f  th e  275 v o l t  secondary , The 
v o lta g e s  a p p lie d  to  th e  p la te s  o f  th e  two p a i r  o f  am pli­
f i e r s  a r e  180 d eg rees  o u t o f  phase and th© m m  v o lta g e  
i s  a p p lie d  t o  a l l  o f  th e  g rid s*  Thus th e  a m p lif ie r s  which 
w i l l  conduct a r e  th e  p a i r  whose p la te  and g r id  v o l ta g e s  
a r e  in  p h a se . As th e  g r id  v o lta g e  v a r ie s  in  phase by 180  
d eg rees  th e  p a i r  o f  a m p lif ie r s  which conduct changes and 
tiie  c u r re n t  which flow s th rough  th e  c e n te r  ta p  o f  th e  
tra n s fo rm e r secondary  changes by 180 deg rees a s  does th e  
v o lta g e  a p p lie d  to  th© c o n tro l  w inding o f  th e  re tim in g  
motor* T h is  change in  th© phase o f  th e  m otor c o n tro l  
v o lta g e  cau ses  th© m otor to  re v e r s e  d i r e c t io n  o f  r o ta t io n *
Th© s h a f t  o f  M301 i s  m ech an ica lly  coupled  to  0302 t 
th© tu n in g  co n d en ser o f  th© w orking o s c i l l a t o r  #an& changes 
th e  freq u en cy  o f  t h i s  o s c i l l a t o r  by th© amount n e c e s sa ry  
t o  r e tu r n  th e  d i f f e r e n c e  freq u en cy  to  9*2 ke# At t h i s  
p o in t  th© v o lta g e  a p p lie d  to  th© g r id s  o f  th e  power
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a m p li f ie r  become© aero  and th e r e  i s  m  c u r re n t  th rough  
th© m otor c o n tro l  w inding  ^  when t h i s  happens th e  m otor 
s to p s#  A lso oouplod to  tlie  s h a f t  o f  H301 i s  th© movable 
a n a  o f  R315 * a  1 0  to r n  p re c is io n  p o ten tiom eto r#  The 
v a r ia t io n  o f  th e  &-e v o lta g e  m easured by t h i s  movable 
arm i s  a p p lie d  to  th e  re c o rd in g  p o ten tio m e te r m il  cau ses  
tb s  r e c o rd e r  pen to  fo llo w  th e  v a r ia t io n s  in  v o lta g e  a c ro s s  
B315» th e  t r a c e  i s  a  fu n c tio n  o f  th e  frequency  change in  
th© w orking o s c i l l a to r *
The range c i r c u i t  m s  designed  to  work w ith  a  Leeds 
& H orth rup  Speedonaz Type a  Becor&er which cou ld  be ad* 
Ju s te d  to  g iv e  f u l l  s c a le  d e f le c t io n  fo r  in p u t voltage©  
o f  2*5 to  3*0 m i l l iv o l t s #  The re c o rd e r  s c a le  i s  c a l l*  
b ra te d  in  100  u n i t s  and i t  would be d e s ira b le  to  have n o t 
on ly  f u l l  s c a le  on th e  re c o rd e r  in d ic a te  th© com plete 
range o f  freq u en cy  change bu t to  be a b le  to  expand p o r tio n s  
o f  t h i s  s c a le  t o  cover th e  f u l l  c h a r t#
The c i r c u i t  n e c e ssa ry  to  do t h i s  i s  shown in  K g u re  
0* The p re c is io n  p o ten tio m e te r  R315 i s  geared  to  M301 so 
th a t  th e  movable arm moves from  one end o f  th e  p o te n t io — 
m eter t o  th e  o th e r  a s  th e  frequency  o f  th© w orking o s c i l ­
l a t o r  changes by 9 f200 cy c les*  Thus th e  t o t a l  v o lta g e  
a c ro ss  B315 o r  th e  v a r ia t io n  in  s e le c te d  p o r t io n s  o f  th© 
t o t a l  v o lta g e  to  cover th e  whole c h a r t  must b© s u f f i c i e n t  
to  cause  th e  re c o rd e r  to  in d ic a te  f u l l  sca le #
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t h e  rang© o i r  © uit i s  a, b rid g e  ty p e  &*c netw ork  w ith  
th e  p o t e n t i a l  d i f f e r e n c e  betw een th e  r o to r  o f  B315 and 
*&• e s a t e r  c o n ta c t  o f  S402& a p p lie d  to  th e  in p u t o f  th e  
r e c o r d e r * t h e  ra n g e  sw itch  $402  i s  an  e lev en  p o s i t io n  
two deck ceram ic s w itc h  whose purpose i s  change c o n d itio n s  
i n  th e  b rid g e  in  such  a  manner t h a t  th e  re c o rd e r  w i l l  to*  
d io a te  f u l l  s c a le  f o r  th e  f u l l  t r a v e l  o f  R3X§ o r  f o r  any 
t e n th  o f  th e  t r a v e l*  W ith th e  ran g e  sw itc h  on 0 o r  su rv ey  
p o s i t io n  th e  b r id g e  i s  connected  th ro u g h  &402B to  a  1*5  
v o l t  b a t t e r y  th ro u g h  R401  and R4 0 2 * R4G3 a d ju s ts  th e  t o t a l  
v o l ta g e  a p p lie d  to  th e  netw ork  so  t h a t  th e  t o t a l  v o l ta g e  
drop  a c ro s s  B 3i$ i s  4  m i l l iv o l t s *  1404 a n t  E409 a d ju s t  
th e  c u r r e n t  f lo w in g  th ro u g h  th e  s e p a ra te  arms o f  th e  
b rid g e  such t h a t ,  when th e  r o t o r  o f  K315 i s  a t  th e  to p  o f  
th e  r e s i s t o r ,  th e  r e c o rd e r  in d ic a te s  f u l l  s c a le  an d , when 
i t  i s  a t  th e  bo ttom , th e  re c o rd e r  in d ic a te s  aero*
The v o l ta g e  d rop  a c ro s s  E4X8 i s  d iv id e d  in to  te n th s  
by th e  r e s i s t o r s  R43JU420 to  p a r a l l e l  w ith  i t  which a re  
connected  to  p o s i t io n s  1 th ro u g h  10 on B402A, When th e  
rang© sw itch  i s  moved to  p o s i t io n  1 , th e  netw ork  i s  con­
n e c te d  to  th e  b a t t e r y  by 340^0 th ro u g h  B403* a  co n n e c tio n  
w hich in c re a s e s  th© t o t a l  v o l ta g e  a p p lie d  to  R3X5 by a  
f a c to r  o f t e n .  t h e  c e n te r  c o n ta c t  o f  S402A 1® con n ec ted  
to  th© bottom  o f  R4 &0 , w hich i s  a t  th© same p o te n t i a l  a s  
th e  bottom  o f  1015 , and th e  movement o f  th© r o t o r  from  
th© bottom  o f  E315 th ro u g h  o n e~ teu th  o f  i t s  t r a v e l  o r  one
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bnrm w i l l  cau se  th© p o te n t i a l  d i f f e r e n c e  a p p lie d  to  th e  
re c o rd e r  to  bo 4 m i l l i v o l t s  and cause  i t  to  in d ic a te  f u l l  
s c a le *  When th e  ra n g e  sw itch  i s  «v©& to- p o s i t io n  % th e  
t o t a l  v o l ta g e  a c ro s s  1315 end E&L0 i s  s t i l l  40 m i l l i v o l t s  
t u t  th e  c e n te r  C o n tac t o f 0 4 O&& i s  connected  to  th e  June- 
th e n  o f  S419 and K420  ca u s in g  th e  v o lta g e  t o  he a p p lie d  
to  th e  re c o rd e r  w ith  th e  r o t o r  o f  B315 one tu r n  from  th e  
bottom  to  he se ro  and c a u s in g  th e  re c o rd e r  to  in d ic a te  
f u l l  s c a le  a s  th e  r o to r  o f  B315 co v e rs  th e  second te n th  
o f  i t s  t o t a l  r o ta t io n *  fh u s  each p o s i t io n  o f th e  ran g e  
sw itch  from  1 to  10 expands sue 0 as  sir©  te n th s  o f  th e  c h a r t  
on su rv ey  rang© be co v e r th e  com plete ch a rt*  f h i s  ex­
panded s c a le  g iv e s  mere a c c u ra te  re a d in g s  o f  em ail changes 
in  frequency*  B ecause o f th e  lo a d in g  o f  th e  netw ork by 
th e  re c o rd e r  i t s e l f  i t  i s  n e c e ssa ry  to  a d ju s t  1404 end 
1409 t o  g iv e  f u l l  s c a le  and s e re  c h a r t  re a d in g s  re sp e c ­
t i v e l y  f o r  each  range* fh© c a l ib r a t i o n  o f  re c o rd e r  re a d ­
in g  on th e  su rv ey  ran g e  in  term s o f th e  freq u en cy  change 
i s  shown in  F ig u re  1 2 . f a b le  YXXX shows th e  freq u en cy  
span o f  th e  d i f f e r e n t  ranges*
a s  p re v io u s ly  n o ted  th e  schem atic d ia g r a m  o f  th e  
power supply i s  shown in  F ig u re  9* I t  c o n s i s t 0 o f  a  f u l l  
wave r e c t i f i e r  V I01 whose p la te s  a r e  su p p lie d  w i t h  360 
v o l t s  from  f lO l#  The r e c t i f i e d  o u tp u t o f  V101 i s  p assed  
th ro u g h  a  two s e c t io n  choice in p u t f i l t e r  g iv in g  a  &-o 
o u tp u t v o lta g e  o f  ap p ro x im ate ly  300 v o lts *  A p o r t io n  o f
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t h i s  v o lta g e  I s  fe d  th ro u g h  HI OX , a. d ropp ing  r e s i s t o r , 
and V1Q2, a TO150/30 tub©, y ie ld in g  a  re g u la te d  150 v o l t s  
d -e  supp ly  a t  tb e  p lat©  o f  V102. The v a r io u s  v o lta g e  out-* 
p u ts  o f  th© power su p p ly  c h a s s is  a re  shown on th e  Sche­
m atic*  T ab le  I I  shows th e  ©able p in  co n n ec tio n s  ©ad th© 
v o lta g e  w hich a re  s u p p lie d  t o  th e  d i f f e r e n t  u n its*
P hotographs o f  th© com plete in s tru m en t and view s o f  
th© in d iv id u a l  c h a s s is  u n i t s  ar© in c lu d ed  in  F ig u re s  13*23  • 
T hese pho tographs b r in g  o u t many o f  th e  d e t a i l s  o f  th e  
c o n s t ru c t io n .
O pera ting  I n s t r u c t io n s
The R eco rd ing  o s c i l lo m e te r  h as  a  minimum o f  c o n t ro ls  
and i s  o p e ra te d  w ith  g re a t  e a se . To p u t th e  m achine i n  
o p e ra t io n , f i r s t  make s u re  t h a t  a l l  in te rc o n n e c tin g  c a b le s  
a r e  connected  to  th e  p ro p e r in a c tio n s*  The c a b le s  and 
ja c k s  in  a d d i t io n  t o  being  la b e le d ,  a r e  each  marked w ith  
a  d i f f e r e n t  c o lo r  to  p re v en t m is tak es  in  connection*  Then 
connect th e  l i n e  co rd  from  th e  power supp ly  t o  th e  115  
v o l t  l in e *  Throw th© sw itch  la b e le d  nPower** on th e  f r o n t  
p an e l o f  th e  power su p p ly  and w a it f o r  on© m inute* T h is  
w a itin g  p e r io d  i s  t o  a llo w  th© tub© f i la m e n ts  t o  warm up 
b e fo re  ap p ly in g  th© h ig h  v o l ta g e .  Throw th© sw itc h  la b e l*  
ed "High Voltage** to  ap p ly  plat©  v o lta g e  to  th© tu b es*
Allow th© o s c i l lo m e te r  to  warm up f o r  a  p e r io d  o f  two 
h o u rs  to  p erm it th e  h ig h  freq u en cy  o s c i l l a t o r s  to  s t a b i l i s e
In  fre q u en cy  * Connect th e  c a b le  from  th e  re c o rd e r  to  th e  
ja c k  marked " S ig n a l o u tn on th e  f r o n t  panel o f  th e  c o n tro l  
h a l t * Connect th e  t e a t  c e l l  in  th e  t e a t  ja c k s  in  th e  
y e a r  o f  t h e  o s c i l l a t o r  -unit* Connect a  le a d  from  th e  
d i f f e r e n c e  s ig n a l  Jac k  on th e  r e a r  o f  th e  o s c i l l a t o r  tm it  
t o  th e  v e r t i c a l  p la te s  o f  a ca thode  ra y  o s c i l lo s c o p e  and 
a d ju s t  th e  d i f f e r e n c e  frequency  to  ae ro  heat*  A djust th e  
r e fe re n c e  o s c i l l a t o r  to  ap p rox im ate ly  9*3 te #  above th e  
w orking o s c i l l a t o r  by tu rn in g  th e  "B eference O s c i l la to r  
fu s in g ” knob co u n te rc lo ck w ise*  th e n  tu r n  on th e  tu n in g  
m otor w ith  th e  sw itch  on th e  o s c i l l a t o r  u n it*  Th© m otor 
w i l l  th e n  r e tu n e  th e  w orking o s c i l l a t o r  so aa  to  g iv e  a 
freq u en cy  d i f f e r e n c e  o f  e x a c tly  9*2 ho * H ate su re  t h a t  
th e  rang© sw itch  i s  in  th e  @ p o s i t io n  and t h a t  th e  zero  
a d ju s t  c o n tro l  i s  a d ju s te d  to  cover th e  B index# th e n  
tu r n  on th© re c o rd e r*  Th© re c o rd e r  pen w i l l  in d ic a te  th e  
p o r t io n  o f th e  o p e ra tin g  rang© in  which th e  in s tru m en t i s  
o p e ra tin g *  I f  d e s i r e d ,  th e  base  l i n e  o f  o p e ra t io n  may he 
moved to  any s e le c te d  p o r t io n  o f  th e  c h a r t  by a d ju s t in g  
th e  r e fe re n c e  o s c i l l a t o r  tu n in g  u n t i l  th© w orking o s c i l ^  
la b o r  has re tim e d  i t s e l f  and th© pen I s  on th e  d e s ire d  
p o r t io n  o f  th© c h a r t*  To sw itc h  to  on© o f  th© expanded 
range® th row  th e  ran g e  sw itch  to  th© a p p ro p r ia te  ran g e  
and a d ju s t  th© ze ro  a d ju s t  c o n t r o l  t o  th e  p o s i t io n  in d i ­
c a te d  f o r  t h a t  range#  Th© p o s i t io n  o f th e  pen on th e  
su rv ey  range  in d ic a te s  th© a p p ro p r ia te  expanded rang© to  
use* Wot su rvey  rang© re a d in g s  between 0 and 1 0 , f o r
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©WmpXei us© .rang© 1* f o r  re a d in g s  between 10 and 20 use 
ran g e  2 and 00  on*
C i r c u i t  Perform ance
5?he perform ance of th e  re c o rd in g  c o n tro l  c i r c u i t s  
a d e q u a te ly  f u l l f i i x  th e  d es ig n  epee i f  lo u t  ions* 3?h© tu n in g  
m otor re sp o n d s to  th e  i n s t a b i l i t y  o f th e  h ig h  frequency  
o s c i l l a t o r s  in s u r in g  adequate  s e n s i t iv i ty *  S t a b i l i t y  ru n s  
on th e  h ig h  fre q u e n c y  o s c i l l a t o r s  have sho rn  them to  have 
a  s t a b i l i t y  o f  p lu s  o r  minus 10 c y c le s  o v e r a  re a so n a b le  
p e r io d  o f  tim e  i f  th e  tem p e ra tu re  rem ains co n s tan t#  fh e  
com plete tu n in g  ran g e  o f  th e  in s tru m en t l a  9 t 200  c y c le s  
and t h i s  shou ld  be adequate  f o r  m ost a p p lic a t io n s *  I f  
th e  change in  th e  system  exceeds th e  ran g e  o f  th e  c o n tro l  
c i r c u i t s  t th e  system  can  be brought back in to  th e  ran g e  
o f  th e  c o n t r o l  c i r c u i t s  by r e tm ln g  th e  re fe re n c e  o s c i l ­
l a t o r  •
H e  com pleted  in s tru m e n t h as  been used  to  d e te c t  th e  
chrom atographic zones form ed by one m i l l i l i t e r  sam ples o f  
0*05 m olar s o lu t io n s  when developed w ith  pure so lv en t#
I t  had a ls o  been a p p lie d  to  th e  d e te c t io n  o f  th e  zones 
formed d u rin g  th e  ohrom atographic s e p a ra t io n  o f  M ix tu res 
o f  c h lo r in a te d  hydrocarbons on c h a rc o a ls .  An example o f  
th© ty p e  o f  c h a r t  re c o rd  o b ta in e d  in  th e s e  ap p lica tio n ©  
i s  shown In  F ig u re  2 4 *
fh e re  a r e  many p o s s ib le  a p p l ic a t io n s  f o r  t h i s
54
instrum ent • P ro b ab ly  th e  m e t  im portan t o f  th o se  would 
b© th e  a p p l ic a t io n  to  th© a n a ly s is  o f  flow ing  l iq u id  
system s* I f  th e  in s tru m en t ©an be a p p lie d  to  thee© 
system s th e n  I t  m ight he used  f o r  t h e  ro u t in e  c o n tro l  
a n a ly s is  o f  f lo w in g  s tream s in  i n d u s t r i a l  p la n t s .
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^ h e  c h ro m a to g ra p h io  a d s o r p t io n  o f  a  num ber o f  tb®  
n o rm a l p r im a ry  a l i p h a t i c  a l c o h o l s  h a s  been  s tu d ie d *  Th© 
r a t e  o f  movement o f  t h e  le a d in g  edge  o f  th® zo n e  m s  
ta k e n  a s  a  m e asu re  o f  t h e  s t r e n g t h  o f  a d s o rp t io n *
I r r e g u l a r i t i e s  g r e a t e r  th a n  th e  e x p e r im e n ta l  e r r o r  
w e re  fo u n d  i n  t h e s e  r a t e s  o f  zo n e  movement w i th  i n c r e a s e  
l a g  m o le c u la r  w e ig h t o f  t h e  a d s o rp t iv e *  T hese i r r e g u l a r ­
i t i e s  m ig h t be a t t r i b u t e d  t o  a d s o r p t io n  betw een  th e  
a d s o r b e n t  a n d  th e  s i d e  c h a in  o f  t h e  a d s o rp t iv e *  I t  was 
a l s o  shown t h a t  t o  a  f i r s t  a p p ro x im a tio n  t h e  a d s o r p t io n  
a f f i n i t y  b e tw een  a d s o rb e n t  and  a d s o r p t iv e  v a r i e d  a s  th e  
r e c i p r o c a l  i f  th e  m o le c u la r  w e ig h t o f  t h e  a d s o r p t iv e  
s id e  c h a in *
The a p p l i c a t i o n  o f  th© c h e m ic a l o s c i l l o m e te r  t o  t h e  
d e t e c t i o n  o f  c h ro m a to g ra p h ic  zo n e s  mad© i t  d e s i r a b l e  t o  
d e s ig n  e l e c t r o n i c  c i r c u i t s  t o  r e c o r d  a u to m a t i c a l ly  a  
p e rm an en t r e c o r d  o f  th e  o u tp u t  o f  t h e  o s c i l lo m e te r *  The 
n e c e s s a r y  c i r c u i t s  h av e  been  d e s ig n e d  and b u i l t .
The p ro b lem s e n c o u n te re d  i n  t h e  c i r c u i t  d e s ig n  a r e  
d is c u s s e d *  The th e o r y  o f  o p e r a t io n  o f  t h e  f i n a l  d e s ig n
n
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i s  ex p la in ed  and in s t r u c t io n s  f o r  o p e ra t in g  th e  f i n a l  
in s tru m en t a re  p re sen ted *
The in s tru m e n t h as  been used to  re c o rd  th© r e s u l t s  
o f  s e v e ra l  elm naato  g raph ic  s e p a ra tio n s  and a  to p ic a l  
c h a r t  re c o rd  i s  included*
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